a2 United States Patent

Iyer et al.

US009416384B2

US 9,416,384 B2
*Aug. 16, 2016

(10) Patent No.:
(45) Date of Patent:

(54) METHODS OF HYDROLYZING OLIGOMERS
IN HEMICELLULOSIC LIQUOR

(71) Applicant: Novozymes North America, Inc.,
Franklinton, NC (US)

(72) Inventors: Prashant Iyer, Raleigh, NC (US);
Harry Showmaker, Raleigh, NC (US);
Hui Xu, Wake Forest, NC (US); Kishore
Rane, Raleigh, NC (US)

(73) Assignee: Novozymes North America Inc.,
Franklinton, NC (US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

(21)  Appl. No.: 14/596,648

(22) Filed: Jan. 14, 2015
(65) Prior Publication Data
US 2015/0125906 A1l May 7, 2015

Related U.S. Application Data

(62) Division of application No. 13/884,763, filed as
application No. PCT/US2011/063565 on Dec. 6,
2011, now Pat. No. 8,927,235.

(60) Provisional application No. 61/420,033, filed on Dec.

6, 2010.

(51) Int.CL
CI2P 19/14 (2006.01)
CI2P 19/02 (2006.01)
D2IC 1/00 (2006.01)
D2IC 3/00 (2006.01)
D2IC 5/00 (2006.01)
D2IC 11/00 (2006.01)
CI2P 7/10 (2006.01)

(52) US.CL

CPC . CI2P 19/14 (2013.01); CI2P 7/10 (2013.01);
CI2P 19/02 (2013.01); D2IC 1/00 (2013.01);

D2IC 3/00 (2013.01); D2IC 5/005 (2013.01);

D2IC 11/0007 (2013.01); C12P 2201/00

(2013.01); C12P 2203/00 (2013.01); YO2E

50/16 (2013.01)

(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,668,340 A 5/1987 Sherman
4,880,473 A 11/1989 Scott et al.
5,366,558 A 11/1994 Brink

2010/0129880 Al
2010/0263814 Al

5/2010 Gudynaite-Savitch et al.
10/2010 Dottori et al.

FOREIGN PATENT DOCUMENTS

WO 00/04778 Al 2/2000

WO 2010/011957 A2 1/2010

WO 2010/137039 A2 12/2010
OTHER PUBLICATIONS

Deaker et al., Soil Biology & Biochemistry, vol. 39, pp. 573-58
(2007).

Jorgensen et al., Enzyme and Microbial Technology, vol. 36, No. 1,
pp. 42-48 (2005).

Leprince et al., Plant Science, vol. 179, pp. 554-564 (2010).

Linko et al., Biotech. Adv., vol. 2, No. 2, pp. 233-252 (1984).
Mabood et al., Field Crops Research, vol. 95, pp. 412-419 (2006).
Margolles-Clark et al., Applied and Envronmental Microbiology,
vol. 62, No. 10, pp. 3840-3846 (1996).

Novozymes, Quality Environmental Friendly Enzyme: retrieved
Mar. 6, 2014 and available from Sigma-Aldrich.

Qing et al., Bioresource Technology, vol. 102, No. 2, pp. 1359-1366
(2010).

Saddler et al., Applied and Environmental Microbiology, vol. 45, No.
1, pp. 153-160 (1983).

Saha, J. Ind. Microbiol. Biotechnol., vol. 30, pp. 279-29 (2003).
Supanjani et al., Plant Physiology and Biochemistry, vol. 44, pp.
866-872 (2006).

Um et al., 2009, Appl. Biochem. Biotechnol., vol. 153, pp. 127-138
(2009).

Primary Examiner — Nashaat Nashed
(74) Attorney, Agent, or Firm — Elias Lambiris
57 ABSTRACT

The present invention relates to methods of degrading or
converting biomass material enriched with hemicellulosic
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METHODS OF HYDROLYZING OLIGOMERS
IN HEMICELLULOSIC LIQUOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. application Ser. No.
13/884,763 filed on May 10, 2013, now U.S. Pat. No. 8,927,
235, which is a 35 U.S.C. 371 national application of PCT/
US2011/63565 filed Dec. 6, 2011, which claims priority or
the benefit under 35 U.S.C. 119 of U.S. provisional applica-
tion No. 61/420,033 filed Dec. 6, 2010. The content of each
application fully incorporated herein by reference.

REFERENCE TO A SEQUENCE LISTING

This application contains a Sequence Listing in computer
readable form, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods of degrading or
converting biomass enriched with hemicellulosic material
into fermentable sugars.

2. Description of the Related Art

Biomass material provides an attractive platform for gen-
erating alternative energy sources to fossil fuels. The conver-
sion of biomass material (such as lignocellulosic feedstock)
into Biofuels has the advantages of the ready availability of
large amounts of feedstock, the desirability of avoiding burn-
ing or land filling the materials, and the cleanliness of the
Biofuels (such as ethanol). Wood, agricultural residues, her-
baceous crops, and municipal solid wastes have been consid-
ered as feedstocks for ethanol production. These materials
primarily consist of cellulose, hemicellulose, and lignin.
Once the biomass material is converted to fermentable sugars,
e.g., glucose, the fermentable sugars are easily fermented by
yeast into Biofuel.

Utilization of both cellulose and hemicellulose from bio-
mass material is central to the efficient and economically
feasible conversion of biomass to Biofuel. The effective
hydrolysis of cellulose within biomass material to ferment-
able sugars such as glucose has been described in the art.
However, advances in the hydrolysis of hemicellulose within
biomass material to fermentable sugars such as xylose have
been limited (see, for example, Saha, 2003, J. Ind. Microbiol.
Biotechnol. 30: 279-291; Um & van Walsum, 2009, Appl.
Biochem. Biotechnol. 153: 127-138; Saddler et al., 1983,
Appl. Environ. Microbiol., 45(1): 153-160; U.S. Pat. No.
4,880,473, U.S. Pat. No. 5,366,588; and U.S. Pat. No. 4,668,
340).

It would be an advantage in the art to improve the hydroly-
sis of hemicellulosic material. The present invention relates
to, inter alia, methods of degrading or converting pretreated
biomass material enriched in hemicellulosic material with
enzyme compositions.

SUMMARY OF THE INVENTION

The present invention relates to methods of producing a
fermentation product, comprising:

(a) saccharifying biomass material with an enzyme com-
position, wherein at least about 50% of the biomass material
(or total sugar) is hemicellulosic material, and wherein the
enzyme composition comprises one or more (several) cellu-
lases and a beta-xylosidase;
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(b) fermenting the saccharified biomass material; and

(c) recovering the fermentation product from (b).

The present invention also relates to methods of degrading
biomass material, comprising:

(a) pretreating biomass material to provide a solid fraction
and a liquid fraction, wherein at least about 50% of the bio-
mass material (or total sugar) in the liquid fraction is hemi-
cellulosic material;

(b) separating the liquid fraction from the solid fraction;

(c) saccharifying the liquid fraction with an enzyme com-
position comprising one or more (several) cellulases and a
beta-xylosidase.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows monomeric sugar concentration after
hydrolysis of biomass enriched with hemicellulosic material
using various enzyme compositions as described in Example
3.

FIG. 2 shows monomeric sugar concentration after
hydrolysis of biomass enriched with hemicellulosic material
using various low-dose enzyme compositions as described in
Example 4.

FIG. 3 shows monomeric sugar concentration after
hydrolysis of biomass enriched with hemicellulosic material
using various beta-xylosidase enzyme compositions as
described in Example 5.

FIG. 4 shows monomeric sugar concentration after
hydrolysis of biomass enriched with hemicellulosic material
using various beta-xylosidase enzyme compositions at con-
stant protein loading as described in Example 6.

DEFINITIONS

Biomass material: As used herein, the term “biomass mate-
rial” refers to any sugar-containing biomass (e.g., stems,
leaves, hulls, husks, and cobs of plants or leaves, branches,
and wood of trees) and any component thereof, such as cel-
Iulose, hemicellulose, or lignan. It is understood that, unless
otherwise specified, biomass material includes untreated,
pretreated, and hydrolyzed or partially hydrolyzed forms
(e.g., biomass degraded products, such as oligosaccharides).

Cellulose: As used herein, the term “cellulose” or “cellu-
losic material” refers to a chemically homogeneous oligosac-
charide or polysaccharide of beta-(1-4)-D-glucan (polymer
containing beta (1-4) linked D-glucose units). Although gen-
erally polymorphous, cellulose can be found in plant tissue
primarily as an insoluble crystalline matrix of parallel glucan
chains. Cellulose is generally found, for example, in the
stems, leaves, hulls, husks, and cobs of plants or leaves,
branches, and wood of trees. The cellulosic material can be,
but is not limited to, herbaceous material, agricultural resi-
due, forestry residue, municipal solid waste, waste paper, and
pulp and paper mill residue (see, for example, Wiselogel et
al., 1995, in Handbook on Bioethanol (Charles E. Wyman,
editor), pp. 105-118, Taylor & Francis, Washington D.C.;
Wyman, 1994, Bioresource Technology 50: 3-16; Lynd, 1990,
Applied Biochemistry and Biotechnology 24/25: 695-719;
Mosier et al., 1999, Recent Progress in Bioconversion of
Lignocellulosics, in Advances in Biochemical Engineering/
Biotechnology, T. Scheper, managing editor, Volume 65, pp.
23-40, Springer-Verlag, New York). Cellulosic material
includes any form of cellulose, such as polysaccharides
degraded or hydrolyzed to oligosaccharides. It is understood
herein that the cellulose may be in the form of a component of
lignocellulose, a plant cell wall material containing lignin,
cellulose, and hemicellulose in a mixed matrix.
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Hemicellulose: As used herein, the term “hemicellulose”
refers to an oligosaccharide or polysaccharide of biomass
material other than cellulose. Hemicellulose is chemically
heterogeneous and includes a variety of polymerized sugars,
primarily D-pentose sugars, such as xylans, xyloglucans, ara-
binoxylans, and mannans, in complex heterogeneous
branched and linear polysaccharides or oligosaccharides that
are bound via hydrogen bonds to the cellulose microfibrils in
the plant cell wall, and wherein xylose sugars are usually in
the largest amount. Hemicelluloses may be covalently
attached to lignin, and usually hydrogen bonded to cellulose,
as well as to other hemicelluloses, which help stabilize the
cell wall matrix forming a highly complex structure. Hemi-
cellulosic material includes any form of hemicellulose, such
as polysaccharides degraded or hydrolyzed to oligosaccha-
rides. It is understood herein that the hemicellulose may be in
the form of a component of lignocellulose, a plant cell wall
material containing lignin, cellulose, and hemicellulose in a
mixed matrix.

Total sugar: As used herein, the term “total sugar” intends
the total amount of sugar in the referred system, including all
monosaccharides, oligosaccharides and polysaccharides.

Cellulolytic enzyme or cellulase: The term “cellulolytic
enzyme” or “cellulase” means one or more (several) enzymes
that hydrolyze a cellulosic material. Such enzymes include
endoglucanase(s), cellobiohydrolase(s), beta-glucosidase(s),
or combinations thereof. The two basic approaches for mea-
suring cellulolytic activity include: (1) measuring the total
cellulolytic activity, and (2) measuring the individual cellu-
lolytic activities (endoglucanases, cellobiohydrolases, and
beta-glucosidases) as reviewed in Zhang et al., 2006, Outlook
for cellulase improvement: Screening and selection strate-
gies, Biotechnology Advances 24: 452-481. Total cellulolytic
activity is usually measured using insoluble substrates,
including Whatman No 1 filter paper, microcrystalline cellu-
lose, bacterial cellulose, algal cellulose, cotton, pretreated
lignocellulose, etc. The most common total cellulolytic activ-
ity assay is the filter paper assay using Whatman No 1 filter
paper as the substrate. The assay was established by the
International Union of Pure and Applied Chemistry (IUPAC)
(Ghose, 1987, Measurement of cellulase activities, Pure
Appl. Chem. 59: 257-68).

For purposes of the present invention, cellulolytic enzyme
activity is determined by measuring the increase in hydrolysis
of a cellulosic material by cellulolytic enzyme(s) under the
following conditions: 1-20 mg of cellulolytic enzyme pro-
tein/g of cellulose in PCS for 3-7 days at 50° C. compared to
a control hydrolysis without addition of cellulolytic enzyme
protein. Typical conditions are 1 ml reactions, washed or
unwashed PCS, 5% insoluble solids, 50 mM sodium acetate
pH 5, 1 mM MnSO,, 50° C., 72 hours, sugar analysis by
AMINEX® HPX-87H column (Bio-Rad Laboratories, Inc.,
Hercules, Calif., USA).

Endoglucanase: The term “endoglucanase” means an
endo-1,4-(1,3;1,4)-beta-D-glucan 4-glucanohydrolase (E.C.
3.2.1.4), which catalyses endohydrolysis of 1,4-beta-D-gly-
cosidic linkages in cellulose, cellulose derivatives (such as
carboxymethyl cellulose and hydroxyethyl cellulose), liche-
nin, beta-1,4 bonds in mixed beta-1,3 glucans such as cereal
beta-D-glucans or xyloglucans, and other plant material con-
taining cellulosic components. Endoglucanase activity can be
determined by measuring reduction in substrate viscosity or
increase in reducing ends determined by a reducing sugar
assay (Zhang et al., 2006, Biotechnology Advances 24: 452-
481). For purposes of the present invention, endoglucanase
activity is determined using carboxymethyl cellulose (CMC)
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4

as substrate according to the procedure of Ghose, 1987, Pure
and Appl. Chem. 59: 257-268, at pH 5, 40° C.

Cellobiohydrolase: The term “cellobiohydrolase” means a
1,4-beta-D-glucan cellobiohydrolase (E.C. 3.2.1.91), which
catalyzes the hydrolysis of 1,4-beta-D-glucosidic linkages in
cellulose, cellooligosaccharides, or any beta-1,4-linked glu-
cose containing polymer, releasing cellobiose from the reduc-
ing or non-reducing ends of the chain (Teeri, 1997, Crystal-
line cellulose degradation: New insight into the function of
cellobiohydrolases, Trends in Biotechnology 15: 160-167;
Teeri et al., 1998, Trichoderma reesei cellobiohydrolases:
why so efficient on crystalline cellulose?, Biochem. Soc.
Trans. 26: 173-178). For purposes of the present invention,
cellobiohydrolase activity is determined according to the pro-
cedures described by Lever et al., 1972, Aral. Biochem. 47:
273-279; van Tilbeurgh et al., 1982, FEBS Letters, 149: 152-
156; van Tilbeurgh and Claeyssens, 1985, FEBS Letters, 187:
283-288; and Tomme et al., 1988, Eur. J. Biochem. 170:
575-581;and van Tilbeurgh et al., 1985, Eur. J. Biochem. 148:
329-334. The Lever et al. method can be employed to assess
hydrolysis of cellulose in corn stover, while the methods of
van Tilbeurgh etal. and Tomme et al. can be used to determine
cellobiohydrolase I activity on 4-methylumbelliferyl-p-D-
lactopyranoside.

Beta-glucosidase: The term “beta-glucosidase” means a
beta-D-glucoside glucohydrolase (E.C. 3.2.1.21), which
catalyzes the hydrolysis of terminal non-reducing beta-D-
glucose residues with the release of beta-D-glucose. For pur-
poses of the present invention, beta-glucosidase activity is
determined according to the basic procedure described by
Venturi et al., 2002, Extracellular beta-D-glucosidase from
Chaetomium thermophilum var. coprophilum: production,
purification and some biochemical properties, J. Basic Micro-
biol. 42: 55-66. One unit of beta-glucosidase is defined as 1.0
pumole of p-nitrophenolate anion produced per minute at 25°
C., pH 4.8 from 1 mM p-nitrophenyl-beta-D-glucopyrano-
side as substrate in 50 mM sodium citrate containing 0.01%
TWEEN® 20.

Polypeptide having cellulolytic enhancing activity: The
term “polypeptide having cellulolytic enhancing activity”
means a GH61 polypeptide that catalyzes the enhancement of
the hydrolysis of a cellulosic material by enzyme having
cellulolytic activity. For purposes of the present invention,
cellulolytic enhancing activity is determined by measuring
the increase in reducing sugars or the increase of the total of
cellobiose and glucose from the hydrolysis of a cellulosic
material by cellulolytic enzyme under the following condi-
tions: 1-50 mg of total protein/g of cellulose in PCS, wherein
total protein is comprised of 50-99.5% w/w cellulolytic
enzyme protein and 0.5-50% w/w protein of a GH61 polypep-
tide having cellulolytic enhancing activity for 1-7 days at 50°
C. compared to a control hydrolysis with equal total protein
loading without cellulolytic enhancing activity (1-50 mg of
cellulolytic protein/g of cellulose in PCS). In one aspect, a
mixture of CELLUCLAST® 1.5L. (Novozymes NS, Bags-
veerd, Denmark) in the presence of 2-3% of total protein
weight Aspergillus oryzae beta-glucosidase (recombinantly
produced in Aspergillus oryzae according to WO 02/095014)
or 2-3% of total protein weight Aspergillus fumigatus beta-
glucosidase (recombinantly produced in Aspergillus oryzae
as described in WO 02/095014) of cellulase protein loading is
used as the source of the cellulolytic activity.

The GH61 polypeptides having cellulolytic enhancing
activity enhance the hydrolysis of a cellulosic material cata-
lyzed by enzyme having cellulolytic activity by reducing the
amount of cellulolytic enzyme required to reach the same
degree of hydrolysis preferably at least 1.01-fold, more pret-
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erably at least 1.05-fold, more preferably at least 1.10-fold,
more preferably at least 1.25-fold, more preferably at least
1.5-fold, more preferably at least 2-fold, more preferably at
least 3-fold, more preferably at least 4-fold, more preferably
atleast 5-fold, even more preferably at least 10-fold, and most
preferably at least 20-fold.

Family 61 glycoside hydrolase: The term “Family 61 gly-
coside hydrolase” or “Family GH61” or “GH61” means a
polypeptide falling into the glycoside hydrolase Family 61
according to Henrissat, 1991, A classification of glycosyl
hydrolases based on amino-acid sequence similarities, Bio-
chem. J. 280: 309-316, and Henrissat and Bairoch, 1996,
Updating the sequence-based classification of glycosyl
hydrolases, Biochem. J. 316: 695-696.

Hemicellulolytic enzyme or hemicellulase: The term
“hemicellulolytic enzyme” or “hemicellulase” means one or
more (several) enzymes that hydrolyze a hemicellulosic
material. See, for example, Shallom and Shoham, 2003,
Microbial hemicellulases. Current Opinion In Microbiology
6(3): 219-228). Hemicellulases are key components in the
degradation of plant biomass. Examples of hemicellulases
include, but are not limited to, an acetylmannan esterase, an
acetyxylan esterase, an arabinanase, an arabinofuranosidase,
a coumaric acid esterase, a feruloyl esterase, a galactosidase,
a glucuronidase, a glucuronoyl esterase, a mannanase, a man-
nosidase, a xylanase, and a xylosidase. The catalytic modules
of hemicellulases are either glycoside hydrolases (GHs) that
hydrolyze glycosidic bonds, or carbohydrate esterases (CEs),
which hydrolyze ester linkages of acetate or ferulic acid side
groups. These catalytic modules, based on homology of their
primary sequence, can be assigned into GH and CE families
marked by numbers. Some families, with overall similar fold,
can be further grouped into clans, marked alphabetically
(e.g., GH-A). A most informative and updated classification
of these and other carbohydrate active enzymes is available
on the Carbohydrate-Active Enzymes (CAZy) database.
Hemicellulolytic enzyme activities can be measured accord-
ing to Ghose and Bisaria, 1987, Pure & Appl. Chem. 59:
1739-1752.

Xylan degrading activity or xylanolytic activity: The term
“xylan degrading activity” or “xylanolytic activity” means a
biological activity that hydrolyzes xylan-containing material.
The two basic approaches for measuring xylanolytic activity
include: (1) measuring the total xylanolytic activity, and (2)
measuring the individual xylanolytic activities (e.g., endoxy-
lanases, beta-xylosidases, arabinofuranosidases, alpha-glu-
curonidases, acetylxylan esterases, feruloyl esterases, and
alpha-glucuronyl esterases). Recent progress in assays of xyl-
anolytic enzymes was summarized in several publications
including Biely and Puchard, 2006, Recent progress in the
assays of xylanolytic enzymes, Journal of the Science of Food
and Agriculture 86(11): 1636-1647; Spanikova and Biely,
2006, Glucuronoyl esterase—Novel carbohydrate esterase
produced by Schizophyllum commune, FEBS Letters
580(19): 4597-4601; Herrmann et al., 1997, The beta-D-
xylosidase of Trichoderma reesei is a multifunctional beta-
D-xylan xylohydrolase, Biochemical Journal 321: 375-381.

Total xylan degrading activity can be measured by deter-
mining the reducing sugars formed from various types of
xylan, including, for example, oat spelt, beechwood, and
larchwood xylans, or by photometric determination of dyed
xylan fragments released from various covalently dyed
xylans. The most common total xylanolytic activity assay is
based on production of reducing sugars from polymeric 4-O-
methyl glucuronoxylan as described in Bailey et al., 1992,
Interlaboratory testing of methods for assay of xylanase activ-
ity, Journal of Biotechnology 23(3): 257-270. Xylanase activ-
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ity can also be determined with 0.2% AZCL-arabinoxylan as
substrate in 0.01% Triton X-100 and 200 mM sodium phos-
phate buffer pH 6 at 37° C. One unit of xylanase activity is
defined as 1.0 umole of azurine produced per minute at 37°
C., pH 6 from 0.2% AZCL-arabinoxylan as substrate in 200
mM sodium phosphate pH 6 buffer.

For purposes of the present invention, xylan degrading
activity is determined by measuring the increase in hydrolysis
of birchwood xylan (Sigma Chemical Co., Inc., St. Louis,
Mo., USA) by xylan-degrading enzyme(s) under the follow-
ing typical conditions: 1 ml reactions, S mg/ml substrate (total
solids), 5 mg of xylanolytic protein/g of substrate, 50 mM
sodium acetate pH 5, 50° C., 24 hours, sugar analysis using
p-hydroxybenzoic acid hydrazide (PHBAH) assay as
described by Lever, 1972, A new reaction for colorimetric
determination of carbohydrates, Anal. Biochem 47: 273-279.

Xylanase: The term “xylanase” means a 1,4-beta-D-xylan-
xylohydrolase (E.C. 3.2.1.8) that catalyzes the endohydroly-
sis of 1,4-beta-D-xylosidic linkages in xylans. For purposes
of'the present invention, xylanase activity is determined with
0.2% AZCL-arabinoxylan as substrate in 0.01% Triton X-100
and 200 mM sodium phosphate buffer pH 6 at 37° C. One unit
of xylanase activity is defined as 1.0 umole of azurine pro-
duced per minute at 37° C., pH 6 from 0.2% AZCL-arabi-
noxylan as substrate in 200 mM sodium phosphate pH 6
buffer.

Beta-xylosidase: The term “beta-xylosidase” means a
beta-D-xyloside xylohydrolase (E.C. 3.2.1.37) that catalyzes
the exo-hydrolysis of short beta (1—4)-xylooligosaccha-
rides, to remove successive D-xylose residues from the non-
reducing termini. For purposes of the present invention, one
unit of beta-xylosidase is defined as 1.0 umole of p-nitrophe-
nolate anion produced per minute at 40° C., pH 5 from 1 mM
p-nitrophenyl-beta-D-xyloside as substrate in 100 mM
sodium citrate containing 0.01% TWEEN® 20.

Acetylxylan esterase: The term “acetylxylan esterase”
means a carboxylesterase (EC 3.1.1.72) that catalyses the
hydrolysis of acetyl groups from polymeric xylan, acetylated
xylose, acetylated glucose, alpha-napthyl acetate, and p-ni-
trophenyl acetate. For purposes of the present invention,
acetylxylan esterase activity is determined using 0.5 mM
p-nitrophenylacetate as substrate in 50 mM sodium acetate
pH 5.0 containing 0.01% TWEEN™ 20. One unit of
acetylxylan esterase is defined as the amount of enzyme
capable of releasing 1 pmole of p-nitrophenolate anion per
minute at pH 5, 25° C.

Feruloyl esterase: The term “feruloyl esterase” means a
4-hydroxy-3-methoxycinnamoyl-sugar  hydrolase  (EC
3.1.1.73) that catalyzes the hydrolysis of the 4-hydroxy-3-
methoxycinnamoyl (feruloyl) group from an esterified sugar,
which is usually arabinose in “natural” substrates, to produce
ferulate (4-hydroxy-3-methoxycinnamate). Feruloyl esterase
is also known as ferulic acid esterase, hydroxycinnamoyl
esterase, FAE-III, cinnamoyl ester hydrolase, FAEA, cin-
nAE, FAE-I, or FAE-II. For purposes of the present invention,
feruloyl esterase activity is determined using 0.5 mM p-ni-
trophenylferulate as substrate in 50 mM sodium acetate pH
5.0. One unit of feruloyl esterase equals the amount of
enzyme capable of releasing 1 pmole of p-nitrophenolate
anion per minute at pH 5, 25° C.

Alpha-glucuronidase: The term “alpha-glucuronidase”
means an alpha-D-glucosiduronate glucuronohydrolase (EC
3.2.1.139) that catalyzes the hydrolysis of an alpha-D-glucu-
ronoside to D-glucuronate and an alcohol. For purposes of the
present invention, alpha-glucuronidase activity is determined
according to de Vries, 1998, J. Bacteriol. 180: 243-249. One
unit of alpha-glucuronidase equals the amount of enzyme
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capable of releasing 1 pmole of glucuronic or 4-O-methyl-
glucuronic acid per minute at pH 5, 40° C.

Alpha-l-arabinofuranosidase: The term “alpha-I-ara-
binofuranosidase” means an alpha-I.-arabinofuranoside ara-
binofuranohydrolase (EC 3.2.1.55) that catalyzes the
hydrolysis of terminal non-reducing alpha-L-arabinofurano-
side residues in alpha-I.-arabinosides. The enzyme acts on
alpha-L-arabinofuranosides, alpha-L.-arabinans containing
(1,3)- and/or (1,5)-linkages, arabinoxylans, and arabinoga-
lactans. Alpha-L.-arabinofuranosidase is also known as ara-
binosidase, alpha-arabinosidase, alpha-L.-arabinosidase,
alpha-arabinofuranosidase, polysaccharide alpha-L.-arabino-
furanosidase, alpha-L.-arabinofuranoside hydrolase, [.-arabi-
nosidase, or alpha-L-arabinanase. For purposes of the present
invention, alpha-L-arabinofuranosidase activity is deter-
mined using 5 mg of medium viscosity wheat arabinoxylan
(Megazyme International Ireland, Ltd., Bray, Co. Wicklow,
Ireland) per ml of 100 mM sodium acetate pH 5 in a total
volume of 200 pl for 30 minutes at 40° C. followed by arabi-
nose analysis by AMINEX® HPX-87H column chromatog-
raphy (Bio-Rad Laboratories, Inc., Hercules, Calif., USA).

Isolated or purified: The term “isolated” or “purified”
means a polypeptide or polynucleotide that is removed from
at least one component with which it is naturally associated.
For example, a polypeptide may be at least 1% pure, e.g., at
least 5% pure, at least 10% pure, at least 20% pure, at least
40% pure, at least 60% pure, at least 80% pure, at least 90%
pure, or at least 95% pure, as determined by SDS-PAGE, and
a polynucleotide may be at least 1% pure, e.g., at least 5%
pure, at least 10% pure, at least 20% pure, at least 40% pure,
at least 60% pure, at least 80% pure, at least 90% pure, or at
least 95% pure, as determined by agarose electrophoresis.

Mature polypeptide: The term “mature polypeptide”
means a polypeptide in its final form following translation
and any post-translational modifications, such as N-terminal
processing, C-terminal truncation, glycosylation, phosphory-
lation, etc. It is known in the art that a host cell may produce
a mixture of two of more different mature polypeptides (i.e.,
with a different C-terminal and/or N-terminal amino acid)
expressed by the same polynucleotide. The mature polypep-
tide can be predicted using the SignalP program (Nielsen et
al., 1997, Protein Engineering 10: 1-6).

Mature polypeptide coding sequence: The term “mature
polypeptide coding sequence” is defined herein as a nucle-
otide sequence that encodes a mature polypeptide having
biological activity. The mature polypeptide coding sequence
can be predicted using the SignalP program (Nielsen et al.,
1997, supra).

Sequence Identity: The relatedness between two amino
acid sequences or between two nucleotide sequences is
described by the parameter “sequence identity”.

For purposes of the present invention, the degree of
sequence identity between two amino acid sequences is deter-
mined using the Needleman-Wunsch algorithm (Needleman
and Wunsch, 1970, J. Mo!. Biol. 48: 443-453) as implemented
in the Needle program of the EMBOSS package (EMBOSS:
The European Molecular Biology Open Software Suite, Rice
et al., 2000, Trends Genet. 16: 276-277), preferably version
3.0.0 or later. The optional parameters used are gap open
penalty of 10, gap extension penalty of 0.5, and the EBLO-
SUM62 (EMBOSS version of BLOSUMG62) substitution
matrix. The output of Needle labeled “longest identity” (ob-
tained using the —nobrief option) is used as the percent iden-
tity and is calculated as follows:

(Identical Residuesx100)/(Length of Alignment—
Total Number of Gaps in Alignment)
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For purposes of the present invention, the degree of
sequence identity between two deoxyribonucleotide
sequences is determined using the Needleman- Wunsch algo-
rithm (Needleman and Wunsch, 1970, supra) as implemented
in the Needle program of the EMBOSS package (EMBOSS:
The European Molecular Biology Open Software Suite, Rice
et al., 2000, supra), preferably version 3.0.0 or later. The
optional parameters used are gap open penalty of 10, gap
extension penalty of 0.5, and the EDNAFULL (EMBOSS
version of NCBI NUC4.4) substitution matrix. The output of
Needle labeled “longest identity” (obtained using the —no-
briefoption)is used as the percent identity and is calculated as
follows:

(Identical Deoxyribonucleotidesx100)/(Length of
Alignment-Total Number of Gaps in Alignment)

Polypeptide fragment: The term “fragment” means a
polypeptide having one or more (several) amino acids deleted
from the amino and/or carboxyl terminus of a mature
polypeptide; wherein the fragment has biological activity.

Subsequence: The term “subsequence” means a polynucle-
otide having one or more (several) nucleotides deleted from
the 5' and/or 3' end of a mature polypeptide coding sequence;
wherein the subsequence encodes a fragment having biologi-
cal activity.

Allelic variant: The term “allelic variant” means any oftwo
or more alternative forms of a gene occupying the same
chromosomal locus. Allelic variation arises naturally through
mutation, and may result in polymorphism within popula-
tions. Gene mutations can be silent (no change in the encoded
polypeptide) or may encode polypeptides having altered
amino acid sequences. An allelic variant of a polypeptide is a
polypeptide encoded by an allelic variant of a gene.

Coding sequence: The term “coding sequence” means a
polynucleotide, which directly specifies the amino acid
sequence of a polypeptide. The boundaries of the coding
sequence are generally determined by an open reading frame,
which usually begins with the ATG start codon or alternative
start codons such as GTG and TTG and ends with a stop
codon such as TAA, TAG, and TGA. The coding sequence
may be a DNA, cDNA, synthetic, or recombinant polynucle-
otide.

cDNA: The term “cDNA” means a DNA molecule that can
be prepared by reverse transcription from a mature, spliced,
mRNA molecule obtained from a eukaryotic cell. cDNA
lacks intron sequences that may be present in the correspond-
ing genomic DNA. The initial, primary RNA transcript is a
precursor to mRNA that is processed through a series of steps,
including splicing, before appearing as mature spliced
mRNA.

Nucleic acid construct: The term “nucleic acid construct”
means a nucleic acid molecule, either single- or double-
stranded, which is isolated from a naturally occurring gene or
is modified to contain segments of nucleic acids in a manner
that would not otherwise exist in nature or which is synthetic.
The term nucleic acid construct is synonymous with the term
“expression cassette” when the nucleic acid construct con-
tains the control sequences required for expression of a cod-
ing sequence of the present invention.

Control sequences: The term “control sequences” means
all components necessary for the expression of a polynucle-
otide encoding a polypeptide. Each control sequence may be
native or foreign to the polynucleotide encoding the polypep-
tide or native or foreign to each other. Such control sequences
include, but are not limited to, a leader, polyadenylation
sequence, propeptide sequence, promoter, signal peptide
sequence, and transcription terminator. At a minimum, the
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control sequences include a promoter, and transcriptional and
translational stop signals. The control sequences may be pro-
vided with linkers for the purpose of introducing specific
restriction sites facilitating ligation of the control sequences
with the coding region of the polynucleotide encoding a
polypeptide.

Operably linked: The term “operably linked” means a con-
figuration in which a control sequence is placed at an appro-
priate position relative to the coding sequence of a polynucle-
otide such that the control sequence directs the expression of
the coding sequence.

Expression: The term “expression” includes any step
involved in the production of the polypeptide including, but
not limited to, transcription, post-transcriptional modifica-
tion, translation, post-translational modification, and secre-
tion.

Expression vector: The term “expression vector” means a
linear or circular DNA molecule that comprises a polynucle-
otide encoding a polypeptide and is operably linked to addi-
tional nucleotides that provide for its expression.

Host cell: The term “host cell” means any cell type that is
susceptible to transformation, transfection, transduction, and
the like with a nucleic acid construct or expression vector
comprising a polynucleotide of the present invention. The
term “host cell” encompasses any progeny of a parent cell that
is not identical to the parent cell due to mutations that occur
during replication.

Variant: The term “variant” means a polypeptide compris-
ing an alteration, i.e., a substitution, insertion, and/or deletion
of one or more (several) amino acid residues at one or more
(several) positions. A substitution means a replacement of an
amino acid occupying a position with a different amino acid;
a deletion means removal of an amino acid occupying a
position; and an insertion means adding one or more (several)
amino acids, e.g., 1-5 amino acids, adjacent to an amino acid
occupying a position.

Reference to “about™ a value or parameter herein includes
aspects that are directed to that value or parameter per se. For
example, description referring to “about X” includes the
aspect “X”".

As used herein and in the appended claims, the singular
forms “a,” “or,” and “the” include plural referents unless the
context clearly dictates otherwise. It is understood that the
aspects of the invention described herein include “consisting”
and/or “consisting essentially of” aspects.

Unless defined otherwise or clearly indicated by context,
all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to, inter alia, methods of
degrading or converting pretreated biomass enriched with
hemicellulosic material. Although cellulases are known for
their role in the degradation of cellulosic material, the present
invention relates to the surprisingly synergistic effect of add-
ing one or more (several) cellulosic enzymes to an enzyme
composition containing beta-xylosidase resulting in
enhanced degradation of hemicellulosic material.

Accordingly, the present invention relates to methods of
degrading biomass material, comprising:

(a) pretreating biomass material to provide a solid fraction
and a liquid fraction, wherein at least about 50% of the bio-
mass material (or total sugar) dissolved in the liquid fraction
is hemicellulosic material;

(b) separating the liquid fraction from the solid fraction;

(c) saccharifying the liquid fraction with an enzyme com-
position comprising one or more (several) cellulases and a
beta-xylosidase.
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In one aspect, the methods above further comprise recov-
ering the resulting xylose following the saccharifying step
using technology well known in the art.

The present invention also relates to methods of producing
a fermentation product, comprising:

(a) pretreating biomass material to provide a solid fraction
and a liquid fraction, wherein at least about 50% of the bio-
mass material (or total sugar) dissolved in the liquid fraction
is hemicellulosic material;

(b) separating the liquid fraction from the solid fraction;

(c) saccharifying the liquid fraction with an enzyme com-
position comprising one or more (several) cellulases and a
beta-xylosidase;

(d) fermenting the saccharified biomass material; and

(c) recovering the fermentation product from (d).

Insome aspects of the methods above, at least about 55% of
the biomass material (or total sugar) dissolved in the liquid
fraction, e.g., at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, or at least
about 98%, is hemicellulosic material.

The present invention also relates to methods of producing
a fermentation product, comprising:

(a) saccharifying biomass material with an enzyme com-
position, wherein at least 50% of the biomass material (or
total sugar) is hemicellulosic material, and wherein the
enzyme composition comprises one or more (several) cellu-
lases and a beta-xylosidase;

(b) fermenting the saccharified biomass material; and

(c) recovering the fermentation product from (b).

In some aspects, at least about 55% of the biomass material
(or total sugar), e.g., at least about 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 98%, is hemicellulosic material.

For each of the methods above, pretreating the biomass
material may comprise, e.g., a chemical pretreatment, a
physical pretreatment, or a chemical pretreatment and a
physical pretreatment. In one embodiment, pretreating the
biomass material comprises treating the biomass material
with a chemical pretreatment. In another embodiment, pre-
treating the biomass material comprises treating the biomass
material with a physical pretreatment. In another embodi-
ment, pretreating the biomass material comprises treating the
biomass material with a chemical pretreatment and a physical
pretreatment.

The processing of biomass material according to the
present invention can be accomplished using processes con-
ventional in the art as described herein. Moreover, the meth-
ods of the present invention can be implemented using any
conventional biomass processing apparatus configured to
operate in accordance with the invention.

Hydrolysis (saccharification) and fermentation, separate or
simultaneous, include, but are not limited to, separate
hydrolysis and fermentation (SHF); simultaneous saccharifi-
cation and fermentation (SSF); simultaneous saccharification
and cofermentation (SSCF); hybrid hydrolysis and fermen-
tation (HHF); separate hydrolysis and co-fermentation
(SHCF); hybrid hydrolysis and co-fermentation (HHCF); and
direct microbial conversion (DMC). SHF uses separate pro-
cess steps to first enzymatically hydrolyze biomass material
to fermentable sugars, e.g., glucose, cellobiose, cellotriose,
and pentose sugars, and then ferment the fermentable sugars
to ethanol. In SSF, the enzymatic hydrolysis of biomass mate-
rial and the fermentation of sugars to ethanol are combined in
one step (Philippidis, G. P., 1996, Cellulose bioconversion
technology, in Handbook on Bioethanol: Production and Uti-
lization, Wyman, C. E., ed., Taylor & Francis, Washington,
D.C., 179-212). SSCF involves the cofermentation of mul-
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tiple sugars (Shechan and Himmel, 1999, Enzymes, energy
and the environment: A strategic perspective on the U.S.
Department of Energy’s research and development activities
for bioethanol, Biotechnol. Prog. 15:817-827). HHF involves
a separate hydrolysis step, and in addition a simultaneous
saccharification and hydrolysis step, which can be carried out
in the same reactor. The steps in an HHF process can be
carried out at different temperatures, i.e., high temperature
enzymatic saccharification followed by SSF at a lower tem-
perature that the fermentation strain can tolerate. DMC com-
bines all three processes (enzyme production, hydrolysis, and
fermentation) in one or more (several) steps where the same
organism is used to produce the enzymes for conversion of the
biomass material to fermentable sugars and to convert the
fermentable sugars into a final product (Lynd et al., 2002,
Microbial cellulose utilization: Fundamentals and biotech-
nology, Microbiol. Mol. Biol. Reviews 66: 506-577). It is
understood herein that any method known in the art compris-
ing pretreatment, enzymatic hydrolysis (saccharification),
fermentation, or a combination thereof, can be used in the
practicing the methods of the present invention.

A conventional apparatus can include a fed-batch stirred
reactor, a batch stirred reactor, a continuous flow stirred reac-
tor with ultrafiltration, and/or a continuous plug-flow column
reactor (de Castilhos Corazza et al., 2003, Optimal control in
fed-batch reactor for the cellobiose hydrolysis, Acta Scien-
tiarum. Technology 25: 33-38; Gusakov and Sinitsyn, 1985,
Kinetics of the enzymatic hydrolysis of cellulose: 1. A math-
ematical model for a batch reactor process, Enz. Microb.
Technol. 7: 346-352), an attrition reactor (Ryuand Lee, 1983,
Bioconversion of waste cellulose by using an attrition biore-
actor, Biotechnol. Bioeng. 25: 53-65), or a reactor with inten-
sive stirring induced by an electromagnetic field (Gusakov et
al., 1996, Enhancement of enzymatic cellulose hydrolysis
using a novel type of bioreactor with intensive stirring
induced by electromagnetic field, Appl. Biochem. Biotechnol.
56:141-153). Additional reactor types include: fluidized bed,
upflow blanket, immobilized, and extruder type reactors for
hydrolysis and/or fermentation.

Pretreatment.

In practicing the methods of the present invention, any
pretreatment process known in the art can be used to disrupt
plant cell wall components of biomass material (Chandra et
al., 2007, Substrate pretreatment: The key to effective enzy-
matic hydrolysis of lignocellulosics?, Adv. Biochem. Engin./
Biotechnol. 108: 67-93; Galbe and Zacchi, 2007, Pretreat-
ment of lignocellulosic materials for efficient bioethanol
production, Adv. Biochem. Engin./Biotechnol. 108: 41-65;
Hendriks and Zeeman, 2009, Pretreatments to enhance the
digestibility of lignocellulosic biomass, Bioresource Technol.
100: 10-18; Mosier et al., 2005, Features of promising tech-
nologies for pretreatment of lignocellulosic biomass, Biore-
source Technol. 96: 673-686; Taherzadeh and Karimi, 2008,
Pretreatment of lignocellulosic wastes to improve ethanol and
biogas production: A review, Int. J. of Mol. Sci. 9: 1621-1651;
Yang and Wyman, 2008, Pretreatment: the key to unlocking
low-cost cellulosic ethanol, Biofuels Bioproducts and Biore-
fining-Biofpr. 2: 26-40).

The biomass material can also be subjected to particle size
reduction, pre-soaking, wetting, washing, or conditioning
prior to pretreatment using methods known in the art.

Conventional pretreatments include, but are not limited to,
steam pretreatment (with or without explosion), dilute acid
pretreatment, hot water pretreatment, alkaline pretreatment,
lime pretreatment, wet oxidation, wet explosion, ammonia
fiber explosion, organosolv pretreatment, and biological pre-
treatment. Additional pretreatments include ammonia perco-
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lation, ultrasound, electroporation, microwave, supercritical
CO,, supercritical H,0, ozone, and gamma irradiation pre-
treatments. In one embodiment, the pretreatment is steam
explosion pretreatment.

The biomass material can be pretreated before hydrolysis
and/or fermentation. Pretreatment is preferably performed
prior to the hydrolysis. Alternatively, the pretreatment can be
carried out simultaneously with enzyme hydrolysis to release
fermentable sugars, such as glucose, xylose, and/or cello-
biose. In most cases the pretreatment step itself results in
some conversion of biomass to fermentable sugars (even in
absence of enzymes).

Steam Pretreatment: In steam pretreatment, cellulosic
material is heated to disrupt the plant cell wall components,
including lignin, hemicellulose, and cellulose to make the
cellulose and other fractions, e.g., hemicellulose, accessible
to enzymes. Biomass material is passed to or through a reac-
tion vessel where steam is injected to increase the temperature
to the required temperature and pressure and is retained
therein for the desired reaction time. Steam pretreatment may
be performed at 140-230° C., e.g., 160-200° C., or 170-190°
C., where the optimal temperature range depends on any
addition of a chemical catalyst. Residence time for the steam
pretreatment may be 1-15 minutes, e.g., 3-12 minutes, or 4-10
minutes, where the optimal residence time depends on tem-
perature range and any addition of a chemical catalyst. Steam
pretreatment allows for relatively high solids loadings, so that
biomass material is generally only moist during the pretreat-
ment. The steam pretreatment is often combined with an
explosive discharge of the material after the pretreatment,
which is known as steam explosion, that is, rapid flashing to
atmospheric pressure and turbulent flow of the material to
increase the accessible surface area by fragmentation (Duff
and Murray, 1996, Bioresource Technology 855: 1-33; Galbe
and Zacchi, 2002, Appl. Microbiol. Biotechnol. 59: 618-628;
U.S. Patent Application No. 2002/0164730). During steam
pretreatment, hemicellulose acetyl groups are cleaved and the
resulting acid autocatalyzes partial hydrolysis of the hemi-
cellulose to hemicellulose monosaccharides and hemicellu-
lose oligosaccharides, which become more solubilized. Lig-
nin is removed to only a limited extent. The resulting liquor
primarily contains dissolved hemicellulosic material (e.g.,
hemicellulose monosaccharides and hemicellulose oligosac-
charides), whereas the remaining solids primarily consists of
cellulosic material.

Separating the liquor (liquid fraction) from the solids (solid
fraction) can conducted using techniques know in the art,
such as, for example, centrifugation, filtration (e.g., vacuum
filtration, pressure filtration), extraction, gravity settling,
screw press, belt press, and decantation. In one aspect, the
liquid fraction is separated from the solid fraction by any
means described in U.S. Patent Application Publication No.
US 2010/0263814.

A catalyst such as H,SO,, or SO, (typically 0.3 to 3% w/w)
is often added prior to steam pretreatment, which decreases
the time and temperature, increases the recovery, and
improves enzymatic hydrolysis (Ballesteros et al., 2006,
Appl. Biochem. Biotechnol. 129-132: 496-508; Varga et al.,
2004, Appl. Biochem. Biotechnol. 113-116: 509-523; Sassner
et al., 2006, Enzyme Microb. Technol. 39: 756-762).

Chemical Pretreatment: The term “chemical treatment”
refers to any chemical pretreatment that promotes the sepa-
ration and/or release of cellulose, hemicellulose, and/or lig-
nin. Examples of suitable chemical pretreatment processes
include, for example, dilute acid pretreatment, lime pretreat-
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ment, wet oxidation, ammonia fiber/freeze explosion
(AFEX), ammonia percolation (APR), and organosolv pre-
treatments.

In dilute acid pretreatment, biomass material is mixed with
dilute acid, typically H,SO,, and water to form a slurry,
heated by steam to the desired temperature, and after a resi-
dence time flashed to atmospheric pressure. The dilute acid
pretreatment can be performed with a number of reactor
designs, e.g., plug-flow reactors, counter-current reactors, or
continuous counter-current shrinking bed reactors (Duff and
Murray, 1996, supra; Schell et al., 2004, Bioresource Technol.
91:179-188; Leeetal., 1999, Adv. Biochem. Eng. Biotechnol.
65: 93-115).

Several methods of pretreatment under alkaline conditions
can also be used. These alkaline pretreatments include, but
are not limited to, lime pretreatment, wet oxidation, ammonia
percolation (APR), and ammonia fiber/freeze explosion
(AFEX).

Lime pretreatment is performed with calcium carbonate,
sodium hydroxide, or ammonia at low temperatures of
85-150° C. and residence times from 1 hour to several days
(Wyman et al., 2005, Bioresource Technol. 96: 1959-1966;
Mosier et al., 2005, Bioresource Technol. 96: 673-686). WO
2006/110891, WO 2006/11899, WO 2006/11900, and WO
2006/110901 disclose pretreatment methods using ammonia.

Wet oxidation is a thermal pretreatment performed typi-
cally at 180-200° C. for 5-15 minutes with addition of an
oxidative agent such as hydrogen peroxide or over-pressure
of oxygen (Schmidt and Thomsen, 1998, Bioresource Tech-
nol. 64: 139-151; Palonen et al., 2004, Appl. Biochem. Bio-
technol. 117: 1-17; Varga et al., 2004, Biotechnol. Bioeng. 88:
567-574; Martin et al., 2006, J. Chem. Technol. Biotechnol.
81: 1669-1677). The pretreatment is performed at preferably
1-40% dry matter, more preferably 2-30% dry matter, and
most preferably 5-20% dry matter, and often the initial pH is
increased by the addition of alkali such as sodium carbonate.

A modification of the wet oxidation pretreatment method,
known as wet explosion (combination of wet oxidation and
steam explosion), can handle dry matter up to 30%. In wet
explosion, the oxidizing agent is introduced during pretreat-
ment after a certain residence time. The pretreatment is then
ended by flashing to atmospheric pressure (WO 2006/
032282).

Ammonia fiber explosion (AFEX) involves treating biom-
ass material with liquid or gaseous ammonia at moderate
temperatures such as 90-100° C. and high pressure such as
17-20 bar for 5-10 minutes, where the dry matter content can
be as high as 60% (Gollapalli et al., 2002, Appl. Biochem.
Biotechnol. 98: 23-35; Chundawat et al., 2007, Biotechnol.
Bioeng. 96: 219-231; Alizadeh et al., 2005, Appl. Biochem.
Biotechnol. 121: 1133-1141; Teymouri et al., 2005, Biore-
source Technol. 96: 2014-2018). AFEX pretreatment results
in the depolymerization of cellulose and partial hydrolysis of
hemicellulose. Lignin-carbohydrate complexes are cleaved.

Organosolv pretreatment delignifies biomass material by
extraction using aqueous ethanol (40-60% ethanol) at 160-
200° C. for 30-60 minutes (Pan et al., 2005, Biotechnol.
Bioeng. 90: 473-481; Pan et al., 2006, Biotechnol. Bioeng. 94:
851-861; Kurabi etal., 2005, Appl. Biochem. Biotechnol. 121:
219-230). Sulphuric acid is usually added as a catalyst. In
organosolv pretreatment, the majority of hemicellulose is
removed.

Other examples of suitable pretreatment methods are
described by Schell et al., 2003, Appl. Biochem. and Biotech-
nol. 105-108: 69-85, and Mosier et al., 2005, Bioresource
Technology 96: 673-686, and U.S. Published Application
2002/0164730.
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In one aspect, the chemical pretreatment is preferably car-
ried out as an acid treatment, and more preferably as a con-
tinuous dilute and/or mild acid treatment. The acid is typi-
cally sulfuric acid, but other acids can also be used, such as
acetic acid, citric acid, nitric acid, phosphoric acid, tartaric
acid, succinic acid, hydrogen chloride, or mixtures thereof.
Mild acid treatment is conducted in the pH range of prefer-
ably 1-5, more preferably 1-4, and most preferably 1-3. In one
aspect, the acid concentration is in the range from preferably
0.01 to 20 wt % acid, more preferably 0.05 to 10 wt % acid,
even more preferably 0.1 to 5 wt % acid, and most preferably
0.2 to 2.0 wt % acid. The acid is contacted with biomass
material and held at a temperature in the range of preferably
160-220° C., and more preferably 165-195° C., for periods
ranging from seconds to minutes to, e.g., 1 second to 60
minutes.

In another aspect, pretreatment is carried out as an ammo-
nia fiber explosion step (AFEX pretreatment step).

In another aspect, pretreatment is carried out as a steam
pretreatment step (e.g., steam explosion pretreatment, such as
the pretreatment described in U.S. Patent Application Publi-
cation No. US 2010/0263814).

In another aspect, pretreatment takes place in an aqueous
slurry. In one aspect, biomass material is present during pre-
treatment in amounts preferably between 10-80 wt %, e.g.,
between 20-70 wt %, or between 30-60 wt %, such as around
50wt %. The pretreated biomass material can be unwashed or
washed using any method known in the art, e.g., washed with
water.

Mechanical Pretreatment: The term “mechanical pretreat-
ment” refers to various types of grinding or milling (e.g., dry
milling, wet milling, or vibratory ball milling).

Physical Pretreatment: The term “physical pretreatment™
refers to any pretreatment that promotes the separation and/or
release of cellulose, hemicellulose, and/or lignin from biom-
ass material. For example, physical pretreatment can involve
irradiation (e.g., microwave irradiation), steaming/steam
explosion, hydrothermolysis, and combinations thereof.

Physical pretreatment can involve high pressure and/or
high temperature (steam explosion). In one aspect, high pres-
sure means pressure in the range of preferably about 300 to
about 600 psi, more preferably about 350 to about 550 psi,
and most preferably about 400 to about 500 psi, such as
around 450 psi. In another aspect, high temperature means
temperatures in the range of about 100° C. to about 300° C.,
preferably about 140° C. to about 235° C. In one aspect,
mechanical pretreatment is performed in a batch-process,
steam gun hydrolyzer system that uses high pressure and high
temperature as defined above, e.g., a Sunds Hydrolyzer avail-
able from Sunds Defibrator AB, Sweden.

Combined Physical and Chemical Pretreatment: Biomass
material can be pretreated both physically and chemically.
For instance, the pretreatment step can involve dilute or mild
acid treatment and high temperature and/or pressure treat-
ment. The physical and chemical pretreatments can be carried
out sequentially or simultaneously, as desired. A mechanical
pretreatment can also be included.

Accordingly, in one aspect, cellulosic material is subjected
to mechanical, chemical, or physical pretreatment, or any
combination thereof, to promote the separation and/or release
of cellulose, hemicellulose, and/or lignin.

Biological Pretreatment: The term “biological pretreat-
ment” refers to any biological pretreatment that promotes the
separation and/or release of cellulose, hemicellulose, and/or
lignin from biomass material. Biological pretreatment tech-
niques can involve applying lignin-solubilizing microorgan-
isms (see, for example, Hsu, T.-A., 1996, Pretreatment of
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biomass, in Handbook on Bioethanol: Production and Utili-
zation, Wyman, C. E., ed., Taylor & Francis, Washington,
D.C.,179-212; Ghosh and Singh, 1993, Physicochemical and
biological treatments for enzymatic/microbial conversion of
cellulosic biomass, Adv. Appl. Microbiol. 39: 295-333;
McMillan, J. D., 1994, Pretreating lignocellulosic biomass: a
review, in Enzymatic Conversion of Biomass for Fuels Pro-
duction, Himmel, M. E., Baker, J. O., and Overend, R. P., eds.,
ACS Symposium Series 566, American Chemical Society,
Washington, D.C., chapter 15; Gong, C. S., Cao,N.J.,Du, J.,
and Tsao, G. T., 1999, Ethanol production from renewable
resources, in Advances in Biochemical Engineering/Biotech-
nology, Scheper, T., ed., Springer-Verlag Berlin Heidelberg,
Germany, 65: 207-241; Olsson and Hahn-Hagerdal, 1996,
Fermentation of lignocellulosic hydrolysates for ethanol pro-
duction, Enz. Microb. Tech. 18: 312-331; and Vallander and
Eriksson, 1990, Production of ethanol from lignocellulosic
materials: State of the art, Adv. Biochem. Eng./Biotechnol. 42:
63-95).

Saccharification.

In the hydrolysis step, also known as saccharification, the
biomass material, e.g., pretreated biomass material (such a
liquid fraction following biomass pretreatment and separa-
tion), is hydrolyzed to break down hemicellulose (and/or
residual cellulose) to fermentable sugars, such as xylose,
xylulose, arabinose, mannose, galactose, glucose, cellobiose,
and/or soluble oligosaccharides thereof. The hydrolysis is
performed enzymatically by an enzyme composition com-
prising a xylan degrading enzyme (e.g., beta-xylosidase) and
one or more (several) cellulases. As described below, the
composition can further comprise one or more (several) addi-
tional enzymes e.g., an enzymes having cellulolytic activity
and/or hemicellulolytic or xylan degrading activity. The
enzymes of the compositions can also be added sequentially.

Enzymatic hydrolysis is preferably carried out in a suitable
aqueous environment under conditions that can be readily
determined by one skilled in the art. In one aspect, hydrolysis
is performed under conditions suitable for the activity of the
enzyme(s), i.e., optimal for the enzyme(s). The hydrolysis
can be carried out as a fed batch or continuous process where
the pretreated cellulosic material (substrate) is fed gradually
to, for example, an enzyme containing hydrolysis solution.

In one aspect, the resulting fermentable sugar concentra-
tion (e.g., the resulting xylose and/or glucose concentration)
following saccharification is at least about 30 g/L, e.g., at least
about 35 g/L, atleast 40 g/L, at least 45 g/1, at least 50 g/L, at
least 55 g/, at least 60 g/L, at least 65 g/L, at least 70 g/L, or
at least 75 g/L. In one aspect, the resulting fermentable sugar
concentration (e.g., the resulting xylose and/or glucose con-
centration) following saccharification is at least about 1.05,
e.g.atleast 1.1, atleast 1.15, at least 1.2, atleast 1.25, at least
1.3, atleast 1.35, at least 1.4, at least 1.45, or at least 1.5 times
higher compared to the resulting fermentable sugar concen-
tration (e.g., the resulting xylose and/or glucose concentra-
tion) from the method under the same conditions when the
enzyme composition does not contain the one or more cellu-
lases. In another aspect, the resulting fermentable sugar con-
centration (e.g., the resulting xylose and/or glucose concen-
tration) following saccharification is at least about 1.05, e.g.,
atleast 1.1, atleast 1.15, atleast 1.2, at least 1.25, atleast 1.3,
at least 1.35, at least 1.4, at least 1.45, or at least 1.5 times
higher compared to the resulting fermentable sugar concen-
tration (e.g., the resulting xylose and/or glucose concentra-
tion) from the method under the same conditions when the
enzyme composition does not contain the one or more cellu-
lases and when the total enzyme loading of the one or more
cellulases and beta-xylosidase remains constant. In some
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aspect, the resulting fermentable sugar (e.g., the resulting
xylose and/or glucose) is recovered following saccharifica-
tion.

The saccharification is generally performed in stirred-tank
reactors or fermentors under controlled pH, temperature, and
mixing conditions. Suitable process time, temperature and
pH conditions can readily be determined by one skilled in the
art. For example, the saccharification can last up to 200 hours,
e.g., about 12 to about 96 hours, about 16 to about 72 hours,
or about 24 to about 48 hours. In one aspect, saccharification
occurs for at least 12 hours, e.g., atleast 24 hours, 36 hours, 48
hours, 60 hours, or 72 hours.

The temperature during saccharification may be in the
range of about 25° C. to about 75° C,, e.g., about 30° C. to
about 70° C., about 35° C.to about 65° C., about 40° C. to 60°
C., about 45° C. to 55° C., or about 50° C.

The pH during saccharification may be in the range of
about3.0t0 7.0, e.g.,3.5106.5,4.0t0 6.0, 4.5 10 5.5 or about
5.0.

In some aspects, the dry solids content during saccharifi-
cation (e.g., total solids in the biomass material and/or the
total solids remaining in the liquid fraction after separation) is
less than about 25 wt %, 20 wt %, 15 wt %, 10 wt %, 7.5 wt
%, 5 wt %, 2.5 wt %, 2 wt %, 1 wt %, or 0.5 wt %.

As mentioned supra, the hydrolysis is performed enzy-
matically by an enzyme composition comprising one or more
(several) cellulases and a xylan degrading enzyme, such as
beta-xylosidase. The one or more (several) cellulase are pref-
erably selected from the group consisting of an endogluca-
nase, a cellobiohydrolase, and a beta-glucosidase.

In one aspect, the enzyme composition comprises or fur-
ther comprises one or more (several) proteins selected from
the group consisting of a cellulase, a GH61 polypeptide hav-
ing cellulolytic enhancing activity, a hemicellulase, an
expansin, an esterase, a laccase, a ligninolytic enzyme, a
pectinase, a peroxidase, a protease, and a swollenin. In
another aspect, the cellulase is preferably one or more (sev-
eral) enzymes selected from the group consisting of an endo-
glucanase, a cellobiohydrolase, and a beta-glucosidase. In
another aspect, the hemicellulase is preferably one or more
(several) enzymes selected from the group consisting of an
acetylmannan esterase, an acetyxylan esterase, an arabinan-
ase, an arabinofuranosidase, a coumaric acid esterase, a feru-
loyl esterase, a galactosidase, a glucuronidase, a glucuronoyl
esterase, a mannanase, a mannosidase, a xylanase, and a
xylosidase.

In another aspect, the enzyme composition comprises or
further comprises one or more (several) cellulolytic enzymes.
In another aspect, the enzyme composition comprises or fur-
ther comprises one or more (several) hemicellulolytic
enzymes. In another aspect, the enzyme composition com-
prises or further comprises one or more (several) cellulolytic
enzymes and one or more (several) hemicellulolytic
enzymes. In another aspect, the enzyme composition com-
prises or further comprises one or more (several) enzymes
selected from the group of cellulolytic enzymes and hemicel-
Iulolytic enzymes. In another aspect, the enzyme composition
comprises or further comprises an endoglucanase. In another
aspect, the enzyme composition comprises a cellobiohydro-
lase. In another aspect, the enzyme composition comprises or
further comprises a beta-glucosidase. In another aspect, the
enzyme composition comprises or further comprises a
polypeptide having cellulolytic enhancing activity. In another
aspect, the enzyme composition comprises or further com-
prises an endoglucanase and a polypeptide having cellu-
lolytic enhancing activity. In another aspect, the enzyme com-
position comprises or further comprises a cellobiohydrolase
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and a polypeptide having cellulolytic enhancing activity. In
another aspect, the enzyme composition comprises or further
comprises a beta-glucosidase and a polypeptide having cel-
Iulolytic enhancing activity. In another aspect, the enzyme
composition comprises or further comprises an endogluca-
nase and a cellobiohydrolase. In another aspect, the enzyme
composition comprises or further comprises an endogluca-
nase and a beta-glucosidase. In another aspect, the enzyme
composition comprises or further comprises a cellobiohydro-
lase and a beta-glucosidase. In another aspect, the enzyme
composition comprises or further comprises an endogluca-
nase, a cellobiohydrolase, and a polypeptide having cellu-
lolytic enhancing activity. In another aspect, the enzyme com-
position comprises or further comprises an endoglucanase, a
beta-glucosidase, and a polypeptide having cellulolytic
enhancing activity. In another aspect, the enzyme composi-
tion comprises or further comprises a cellobiohydrolase, a
beta-glucosidase, and a polypeptide having cellulolytic
enhancing activity. In another aspect, the enzyme composi-
tion comprises or further comprises an endoglucanase, a cel-
lobiohydrolase, and a beta-glucosidase, and a polypeptide
having cellulolytic enhancing activity.

In another aspect, the enzyme composition comprises or
further comprises an acetylmannan esterase. In another
aspect, the enzyme composition comprises or further com-
prises an acetyxylan esterase. In another aspect, the enzyme
composition comprises or further comprises an arabinanase
(e.g., alpha-L-arabinanase). In another aspect, the enzyme
composition comprises or further comprises an arabinofura-
nosidase (e.g., alpha-L-arabinofuranosidase). In another
aspect, the enzyme composition comprises or further com-
prises a coumaric acid esterase. In another aspect, the enzyme
composition comprises or further comprises a feruloyl
esterase. In another aspect, the enzyme composition com-
prises or further comprises a galactosidase (e.g., alpha-galac-
tosidase and/or beta-galactosidase). In another aspect, the
enzyme composition comprises or further comprises a glu-
curonidase (e.g., alpha-D-glucuronidase). In another aspect,
the enzyme composition comprises or further comprises a
glucuronoyl esterase. In another aspect, the enzyme compo-
sition comprises or further comprises a mannanase. In
another aspect, the enzyme composition comprises or further
comprises a mannosidase (e.g., beta-mannosidase). In
another aspect, the enzyme composition comprises or further
comprises a xylanase. In one aspect, the xylanase is a Family
10xylanase. In another aspect, the enzyme composition com-
prises or further comprises a xylosidase (e.g., beta-xylosi-
dase). In another aspect, the enzyme composition comprises
or further comprises an expansin. In another aspect, the
enzyme composition comprises or further comprises an
esterase. In another aspect, the enzyme composition com-
prises or further comprises a laccase. In another aspect, the
enzyme composition comprises or further comprises a ligni-
nolytic enzyme. In one aspect, the ligninolytic enzyme is a
manganese peroxidase. In another aspect, the ligninolytic
enzyme is a lignin peroxidase. In another aspect, the ligni-
nolytic enzyme is a H,O,-producing enzyme. In another
aspect, the enzyme composition comprises or further com-
prises a pectinase. In another aspect, the enzyme composition
comprises or further comprises a peroxidase. In another
aspect, the enzyme composition comprises a protease. In
another aspect, the enzyme composition comprises or further
comprises a swollenin.

In the processes of the present invention, the enzyme(s) can
be added prior to or during fermentation, e.g., during saccha-
rification or during or after propagation of the fermenting
microorganism(s).
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One or more (several) components of the enzyme compo-
sition may be wild-type proteins, recombinant proteins, or a
combination of wild-type proteins and recombinant proteins.
For example, one or more (several) components may be
native proteins of a cell, which is used as a host cell to express
recombinantly one or more (several) other components of the
enzyme composition. One or more (several) components of
the enzyme composition may be produced as monocompo-
nents, which are then combined to form the enzyme compo-
sition. The enzyme composition may be a combination of
multicomponent and monocomponent protein preparations.

The enzymes used in the methods of the present invention
may be in any form suitable for use in the processes described
herein, such as, for example, a crude fermentation broth with
orwithout cells removed, a cell lysate with or without cellular
debris, a semi-purified or purified enzyme preparation, or a
hostcell as a source ofthe enzymes. The enzyme composition
may be a dry powder or granulate, a non-dusting granulate, a
liquid, a stabilized liquid, or a stabilized protected enzyme.
Liquid enzyme preparations may, for instance, be stabilized
by adding stabilizers such as a sugar, a sugar alcohol or
another polyol, and/or lactic acid or another organic acid
according to established processes.

The optimum amounts of the enzymes depend on several
factors including, but not limited to, the mixture of compo-
nent enzymes, the biomass material substrate, the concentra-
tion of the biomass material, the pretreatment(s) of the bio-
mass material substrate, temperature, time, pH, and inclusion
of fermenting organism (e.g., yeast for Simultaneous Saccha-
rification and Fermentation).

In one aspect, an effective amount of the one or more
(several) cellulases during saccharification is about 0.5 to
about 50 mg, e.g., about 0.5 to about 40 mg, about 0.5 to about
25 mg, about 0.75 to about 20 mg, about 0.75 to about 15 mg,
about 0.5 to about 10 mg, or about 2.5 to about 10 mg per g of
biomass material. In another aspect, the total amount of the
one or more (several) cellulases during saccharification is
about 0.5 to about 50 mg, e.g., about 0.5 to about 40 mg, about
0.5 to about 25 mg, about 0.75 to about 20 mg, about 0.75 to
about 15 mg, about 0.5 to about 10 mg, or about 2.5 to about
10 mg per g of hemicellulose. In another aspect the total
concentration of the one or more (several) cellulases during
saccharification is at least about 0.005 mg/ml.,, e.g., at least
about 0.01 mg/mL, 0.05 mg/mL., 0.075 mg/mL, 0.1 mg/mL,
0.2 mg/ml, 0.3 mg/ml,, 0.4 mg/mL,, 0.5 mg/ml., 0.6 mg/mL,
0.7 mg/ml, 0.8 mg/ml,, 0.9 mg/mL,, 1.0 mg/ml., 1.1 mg/mL,
1.2mg/ml, 1.3 mg/ml, 1.4 mg/mL, 1.5 mg/ml., 1.6 mg/mL,
1.7mg/mL, 1.8 mg/ml,, 1.9 mg/mL., 2.0 mg/ml., 2.5 mg/mL,
3.0 mg/mL, or 5.0 mg/mL..

In one aspect, an effective amount of the xylan degrading
enzyme (e.g., beta-xylosidase) during saccharification is
about 0.01 to about 50.0 mg, e.g., about 0.01 to about 40 mg,
about 0.01 to about 30 mg, about 0.01 to about 20 mg, about
0.01 to about 10 mg, about 0.01 to about 5 mg, about 0.025 to
about 1.5 mg, about 0.05 to about 1.25 mg, about 0.075 to
about 1.25 mg, about 0.1 to about 1.25 mg, about 0.15 to
about 1.25 mg, or about 0.25 to about 1.0 mg per g of cellu-
losic material. In another aspect, the total amount of the the
xylan degrading enzyme (e.g., beta-xylosidase) during sac-
charification is about 0.5 to about 50 mg, e.g., about 0.5 to
about 40 mg, about 0.5 to about 25 mg, about 0.75 to about 20
mg, about 0.75 to about 15 mg, about 0.5 to about 10 mg, or
about 2.5 to about 10 mg per g of hemicellulose. In another
aspect, the total concentration of the xylan degrading enzyme
(e.g., beta-xylosidase) during saccharification is less than
about 5.0 mg/ml, e.g., less than about 3.0 mg/ml, 2.5
mg/mL, 2.0 mg/ml, 1.9 mg/m[, 1.8 mg/m[,, 1.7 mg/ml, 1.6



US 9,416,384 B2

19
mg/mL, 1.5 mg/ml, 1.4 mg/ml,, 1.3 mg/ml, 1.2 mg/ml,, 1.1
mg/mL, 1.0 mg/ml, 0.9 mg/ml,, 0.8 mg/ml., 0.7 mg/ml., 0.6
mg/mL, 0.5 mg/ml, 0.4 mg/ml,, 0.3 mg/m[, 0.2 mg/ml, 0.1
mg/mL, 0.075 mg/mL, 0.05 mg/mL, 0.01 mg/mL, or 0.005
mg/mL.

In one aspect, the ratio of the total concentration of cellu-
lases to the total concentration of xylan degrading enzyme
(e.g., total concentration of beta-xylosidase) during saccha-
rifying is from 1:10to 10:1, e.g., from 1:10, 1:7.5, 1:5, 1:2.5,
1:1.1, or 1:1, to any of 1:1, 2.5:1, 5:1, 7.5:1, or 10:1.

The enzymes can be derived or obtained from any suitable
origin, including, bacterial, fungal, yeast, plant, or mamma-
lian origin. The term “obtained” means herein that the
enzyme may have been isolated from an organism that natu-
rally produces the enzyme as a native enzyme. The term
“obtained” also means herein that the enzyme may have been
produced recombinantly in a host organism employing meth-
ods described herein, wherein the recombinantly produced
enzyme is either native or foreign to the host organism or has
a modified amino acid sequence, e.g., having one or more
(several) amino acids that are deleted, inserted and/or substi-
tuted, i.e., a recombinantly produced enzyme that is a mutant
and/or a fragment of a native amino acid sequence or an
enzyme produced by nucleic acid shuffling processes known
in the art. Encompassed within the meaning of a native
enzyme are natural variants and within the meaning of a
foreign enzyme are variants obtained recombinantly, such as
by site-directed mutagenesis or shuffling.

A polypeptide having cellulolytic enzyme activity or xylan
degrading activity may be a bacterial polypeptide. For
example, the polypeptide may be a gram positive bacterial
polypeptide such as a Bacillus, Streptococcus, Streptomyces,
Staphylococcus, Enterococcus, Lactobacillus, Lactococcus,
Clostridium, Geobacillus, or Oceanobacillus polypeptide
having cellulolytic enzyme activity or xylan degrading activ-
ity, or a Gram negative bacterial polypeptide such as an F.
coli, Pseudomonas, Salmonella, Campylobacter, Helico-
bacter, Flavobacterium, Fusobacterium, Ilyobacter, Neis-
seria, or Ureaplasma polypeptide having cellulolytic enzyme
activity or xylan degrading activity.

In one aspect, the polypeptide is a Bacillus alkalophilus,
Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circu-
lans, Bacillus clausii, Bacillus coagulans, Bacillus firmus,
Bacillus lautus, Bacillus lentus, Bacillus licheniformis,
Bacillus megaterium, Bacillus pumilus, Bacillus stearother-
mophilus, Bacillus subtilis, or Bacillus thuringiensis
polypeptide having cellulolytic enzyme activity or xylan
degrading activity.

In another aspect, the polypeptide is a Streptococcus equi-
similis, Streptococcus pyogenes, Streptococcus uberis, or
Streptococcus equi subsp. Zooepidemicus polypeptide hav-
ing cellulolytic enzyme activity or xylan degrading activity.

In another aspect, the polypeptide is a Strepromyces ach-
romogenes, Streptomyces avermitilis, Streptomyces coeli-
color, Streptomyces griseus, or Streptomyces lividans
polypeptide having cellulolytic enzyme activity or xylan
degrading activity.

The polypeptide having cellulolytic enzyme activity or
xylan degrading activity may also be a fungal polypeptide,
and more preferably a yeast polypeptide such as a Candida,
Kluyveromyces, Pichia, Saccharomyces, Schizosaccharomy-
ces, or Yarrowia polypeptide having cellulolytic enzyme
activity or xylan degrading activity; or more preferably a
filamentous fungal polypeptide such as an Acremonium,
Agaricus, Alternaria, Aspergillus, Aureobasidium, Botry-
osphaeria, Ceriporiopsis, Chaetomidium, Chrysosporium,
Claviceps, Cochliobolus, Coprinopsis, Coptotermes, Cory-
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nascus, Cryphonectria, Cryptococcus, Diplodia, Exidia, Fili-
basidium, Fusarium, Gibberella, Holomastigotoides, Humi-
cola, Irpex, Lentinula, Leptospaeria, Magnaporthe,
Melanocarpus, Meripilus, Mucor, Myceliophthora, Neocal-
limastix, Neurospora, Paecilomyces, Penicillium, Phanero-
chaete, Piromyces, Poitrasia, Pseudoplectania, Pseudotri-
chonympha, Rhizomucor, Schizophyllum, Scytalidium,
Talaromyces, Thermoascus, Thielavia, Tolypocladium, Tri-
choderma, Trichophaea, Verticillium, Volvariella, or Xylaria
polypeptide having cellulolytic enzyme activity or xylan
degrading activity.

In one aspect, the polypeptide is a Saccharomyces carls-
bergensis, Saccharomyces cerevisiae, Saccharomyces dia-
staticus, Saccharomyces douglasii, Saccharomyces kluyveri,
Saccharomyces norbensis, or Saccharomyces oviformis
polypeptide having cellulolytic enzyme activity or xylan
degrading activity.

In another aspect, the polypeptide is an Acremonium cel-
lulolyticus, Aspergillus aculeatus, Aspergillus awamori,
Aspergillus  fumigatus, Aspergillus foetidus, Aspergillus
Japonicus, Aspergillus nidulans, Aspergillus niger, Aspergil-
lus oryzae, Chrysosporium keratinophilum, Chrysosporium
lucknowense, Chrysosporium tropicum, Chrysosporium mer-
darium, Chrysosporium inops, Chrysosporium pannicola,
Chrysosporium queenslandicum, Chrysosporium zonatum,
Fusarium bactridioides, Fusarium cerealis, Fusarium crook-
wellense, Fusarium culmorum, Fusarium graminearum,
Fusarium graminum, Fusarium heterosporum, Fusarium
negundi, Fusarium oxysporum, Fusarium rveticulatum,
Fusarium roseum, Fusarium sambucinum, Fusarium sarco-
chroum, Fusarium sporotrichioides, Fusarium sulphureum,
Fusarium torulosum, Fusarium trichothecioides, Fusarium
venenatum, Humicola grisea, Humicola insolens, Humicola
lanuginosa, Irpex lacteus, Mucor miehei, Myceliophthora
thermophila, Neurospora crassa, Penicillium funiculosum,
Penicillium purpurogenum, Phanerochaete chrysosporium,
Thielavia achromatica, Thielavia albomyces, Thielavia albo-
pilosa, Thielavia australeinsis, Thielavia fimeti, Thielavia
microspora, Thielavia ovispora, Thielavia peruviana, Thiela-
via spededonium, Thielavia setosa, Thielavia subthermo-
phila, Thielavia terrestris, Trichoderma harzianum, Tricho-
derma koningii, Trichoderma longibrachiatum, Trichoderma
reesei, Trichoderma viride, or Trichophaea saccata polypep-
tide having cellulolytic enzyme activity or xylan degrading
activity.

Chemically modified or protein engineered mutants of
polypeptides having cellulolytic enzyme activity or xylan
degrading activity may also be used.

One or more (several) components of the enzyme compo-
sition may be a recombinant component, i.e., produced by
cloning of a DNA sequence encoding the single component
and subsequent cell transformed with the DNA sequence and
expressed in a host (see, for example, WO 91/17243 and WO
91/17244). The host is preferably a heterologous host (en-
zyme is foreign to host), but the host may under certain
conditions also be a homologous host (enzyme is native to
host). Monocomponent cellulolytic proteins may also be pre-
pared by purifying such a protein from a fermentation broth.

Examples of commercial cellulolytic protein preparations
suitable for use in the present invention include, for example,
CELLIC™ CTec (Novozymes A/S), CELLIC™ Ctec2 (No-
vozymes NS), CELLUCLAST™ (Novozymes NS),
NOVOZYM™ 188 (Novozymes NS), CELLUZYME™
(Novozymes NS), CEREFLO™ (Novozymes NS), and
ULTRAFLO™ (Novozymes NS), ACCELERASE™ (Ge-
nencor Int.), LAMINEX™ (Genencor Int.), SPEZYME™
CP (Genencor Int.), ROHAMENT™ 7069 W (Rohm



US 9,416,384 B2

21

GmbH), FIBREZYME® LDI (Dyadic International, Inc.),
FIBREZYME® LBR (Dyadic International, Inc.), or VIS-
COSTAR® 150L (Dyadic International, Inc.). The cellulase
enzymes are added in amounts effective from about 0.001 to
about 5.0 wt % of solids, more preferably from about 0.025 to
about 4.0 wt % of solids, and most preferably from about
0.005 to about 2.0 wt % of solids. The cellulase enzymes are
added in amounts effective from about 0.001 to about 5.0 wt
% of solids, more preferably from about 0.025 to about 4.0 wt
% of solids, and most preferably from about 0.005 to about
2.0 wt % of solids.

Examples of bacterial endoglucanases that can be used in
the methods of the present invention, include, but are not
limited to, an Acidothermus cellulolyticus endoglucanase
(WO 91/05039; WO 93/15186; U.S. Pat. No. 5,275,944, WO
96/02551; U.S. Pat. No. 5,536,655, WO 00/70031, WO 2005/
093050); Thermobifida fusca endoglucanase III (WO 2005/
093050); and Thermobifida fusca endoglucanase V (WO
2005/093050).

Examples of fungal endoglucanases that can be used in the
present invention include, but are not limited to, a Tricho-
derma reesei endoglucanase I (Penttila et al., 1986, Gene 45:
253-263; Trichoderma reesei Cel7B endoglucanase I; GEN-
BANK™ accession no. M15665; SEQ ID NO: 2); Tricho-
derma reesei endoglucanase 11 (Saloheimo, et al., 1988, Gene
63:11-22; Trichoderma reesei Cel5SA endoglucanase II;
GENBANK™ accession no. M19373; SEQ ID NO: 4); Tri-
choderma reesei endoglucanase 111 (Okada et al., 1988, Appl.
Environ. Microbiol. 64: 555-563; GENBANK™ accession
no. AB003694; SEQ ID NO: 6); Trichoderma reesei endo-
glucanase V (Saloheimo et al., 1994, Molecular Microbiol-
ogy 13: 219-228; GENBANK™ accession no. Z33381; SEQ
1D NO: 8); Aspergillus aculeatus endoglucanase (Ooi et al.,
1990, Nucleic Acids Research 18: 5884); Aspergillus
kawachii endoglucanase (Sakamoto et al., 1995, Current
Genetics 27: 435-439); Erwinia carotovara endoglucanase
(Saarilahti etal., 1990, Gene 90: 9-14); Fusarium oxysporum
endoglucanase (GENBANK™ accession no. [.29381);
Humicola grisea var. thermoidea endoglucanase (GEN-
BANK™ accession no. AB003107); Melanocarpus albomy-
ces  endoglucanase (GENBANK™  accession no.
MALS15703); Neurospora crassa endoglucanase (GEN-
BANK™ accession no. XM_324477); Humicola insolens
endoglucanase V (SEQ ID NO: 10); Myceliophthora thermo-
phila CBS 117.65 endoglucanase (SEQ ID NO: 12); basidi-
omycete CBS 495.95 endoglucanase (SEQ ID NO: 14);
basidiomycete CBS 494.95 endoglucanase (SEQ ID NO: 16);
Thielavia terrestris NRRL 8126 CEL6B endoglucanase
(SEQ ID NO: 18); Thielavia terrestris NRRL 8126 CEL6C
endoglucanase (SEQ ID NO: 20); Thielavia terrestris NRRL
8126 CEL7C endoglucanase (SEQ ID NO: 22); Thielavia
terrestris NRRL 8126 CEL7E endoglucanase (SEQ ID NO:
24); Thielavia terrestris NRRL 8126 CEL7F endoglucanase
(SEQ ID NO: 26); Cladorrhinum foecundissimum ATCC
62373 CEL7A endoglucanase (SEQ ID NO: 28); and Tricho-
derma reesei strain No. VI'T-D-80133 endoglucanase (SEQ
IDNO: 30; GENBANK™ accession no. M15665). The endo-
glucanases of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6,
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID
NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20,
SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID
NO: 28, and SEQ ID NO: 30, described above are encoded by
the mature polypeptide coding sequence of SEQ ID NO: 1,
SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO:
9,SEQIDNO: 11, SEQIDNO: 13, SEQID NO: 15, SEQ ID
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NO: 17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23,
SEQ ID NO: 25, SEQ ID NO: 27, and SEQ ID NO: 29,
respectively.

Examples of cellobiohydrolases useful in the present
invention include, but are not limited to, Trichoderma reesei
cellobiohydrolase I (SEQ ID NO: 32); Trichoderma reesei
cellobiohydrolase II (SEQ ID NO: 34); Humicola insolens
cellobiohydrolase I (SEQ ID NO: 36); Myceliophthora ther-
mophila cellobiohydrolase II (SEQ ID NO: 38 and SEQ ID
NO: 40); Thielavia terrestris cellobiohydrolase I1 (CEL6A)
(SEQ ID NO: 42); Chaetomium thermophilum cellobiohy-
drolase I (SEQ ID NO: 44); and Chaetomium thermophilum
cellobiohydrolase I1 (SEQ ID NO: 46), Aspergillus fumigatus
cellobiohydrolase I (SEQ 1D NO: 48), and Aspergillus fumi-
gatus cellobiohydrolase II (SEQ ID NO: 50). The cellobio-
hydrolases of SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO:
36, SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ
ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48, and SEQ ID
NO: 50, described above are encoded by the mature polypep-
tide coding sequence of SEQ ID NO: 31, SEQ ID NO: 33,
SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID
NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47,
and SEQ ID NO: 49, respectively.

Examples of beta-glucosidases useful in the present inven-
tion include, but are not limited to, Aspergillus oryzae beta-
glucosidase (SEQ ID NO: 52); Aspergillus fumigatus beta-
glucosidase (SEQ ID NO: 54); Penicillium brasilianum IBT
20888 beta-glucosidase (SEQ ID NO: 56); Aspergillus niger
beta-glucosidase (SEQ ID NO: 58); and Aspergillus aculea-
tus beta-glucosidase (SEQ ID NO: 60). The beta-glucosi-
dases of SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56,
SEQ ID NO: 58, and SEQ ID NO: 60, described above are
encoded by the mature polypeptide coding sequence of SEQ
IDNO: 51, SEQIDNO: 53, SEQIDNO: 55, SEQIDNO: 57,
and SEQ ID NO: 59, respectively.

Examples of other beta-glucosidases useful in the present
invention include a Aspergillus oryzae beta-glucosidase vari-
ant fusion protein of SEQ ID NO: 62 orthe Aspergillus oryzae
beta-glucosidase fusion protein of SEQ ID NO: 64. The beta-
glucosidase fusion proteins of SEQ ID NO: 62 and SEQ ID
NO: 64 are encoded by SEQ ID NO: 61 and SEQ ID NO: 63,
respectively.

The Aspergillus oryzae beta-glucosidase can be obtained
according to WO 2002/095014. The Aspergillus fumigatus
beta-glucosidase can be obtained according to WO 2005/
047499. The Penicillium brasilianum beta-glucosidase can
be obtained according to WO 2007/019442. The Aspergillus
niger beta-glucosidase can be obtained according to Dan et
al., 2000, J. Biol. Chem. 275: 4973-4980. The Aspergillus
aculeatus beta-glucosidase can be obtained according to
Kawaguchi et al., 1996, Gene 173: 287-288.

The beta-glucosidase may be a fusion protein. In one
aspect, the beta-glucosidase is the Aspergillus oryzae beta-
glucosidase variant BG fusion protein or the Aspergillus
oryzae beta-glucosidase fusion protein obtained according to
WO 2008/057637.

Other useful endoglucanases, cellobiohydrolases, and
beta-glucosidases are disclosed in numerous Glycosyl
Hydrolase families using the classification according to Hen-
rissat, 1991, A classification of glycosyl hydrolases based on
amino-acid sequence similarities, Biochem. J. 280: 309-316,
and Henrissat and Bairoch, 1996, Updating the sequence-
based classification of glycosyl hydrolases, Biochem. J. 316:
695-696.

Other cellulolytic enzymes that may be used in the present
invention are described in EP 495,257, EP 531,315, EP 531,
372, WO 89/09259, WO 94/07998, WO 95/24471, WO
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96/11262, WO 96/29397, WO 96/034108, WO 97/14804,
WO 98/08940, WO 98/012307, WO 98/13465, WO
98/015619, WO 98/015633, WO 98/028411, WO 99/06574,
WO 99/10481, WO 99/025846, WO 99/025847, WO
99/031255, WO 2000/009707, WO 2002/050245, WO 2002/
0076792, WO 2002/101078, WO 2003/027306, WO 2003/
052054, WO 2003/052055, WO 2003/052056, WO 2003/
052057, WO 2003/052118, WO 2004/016760, WO 2004/
043980, WO 2004/048592, WO 2005/001065, WO 2005/
028636, WO 2005/093050, WO 2005/093073, WO 2006/
074005, WO 2006/117432, WO 2007/071818, WO 2007/
071820, WO 2008/008070, WO 2008/008793, U.S. Pat. No.
4,435,307, U.S. Pat. No. 5,457,046, U.S. Pat. No. 5,648,263,
U.S. Pat. No. 5,686,593, U.S. Pat. No. 5,691,178, U.S. Pat.
No. 5,763,254, and U.S. Pat. No. 5,776,757.

In the methods of the present invention, any GH61
polypeptide having cellulolytic enhancing activity can be
used.

In a first aspect, the polypeptide having cellulolytic
enhancing activity comprises the following motifs:

[ILMV]-P-X(4,5)-G-X-Y-[ILMV]-X-R-X-[EQ]-X(4)-
[HNQ] (SEQIDNOs: 145 and 146) and [FW]-[TF]-K-[AIV]
(SEQ ID NO: 147),
wherein X is any amino acid, X(4,5) is any amino acid at 4 or
5 contiguous positions, and X(4) is any amino acid at 4
contiguous positions.

The polypeptide comprising the above-noted motifs may
further comprise:

H-X(1,2)-G-P-X(3)-[YW]-[AILMV] (SEQ ID NOs: 148
and 149),

[EQ]-X-Y-X(2)-C-X-[EHQN]-[FILV]-X-[ILV] (SEQ ID
NO: 150), or

H-X(1,2)-G-P-X(3)-[YW]-[AILMV] (SEQ ID NOS: 148
and 149) and [EQ]-X-Y-X(2)-C-X-[EHQN]-[FILV]-X-[ILV]
(SEQ ID NO: 150,
wherein X is any amino acid, X(1,2) is any amino acid at 1
position or 2 contiguous positions, X(3) is any amino acid at
3 contiguous positions, and X(2) is any amino acid at 2
contiguous positions. In the above motifs, the accepted
TUPAC single letter amino acid abbreviation is employed.

In one aspect, the polypeptide having cellulolytic enhanc-
ing activity further comprises H-X(1,2)-G-P-X(3)-[YW]-
[AILMV] (SEQID NOs: 148 and 149). In another aspect, the
isolated polypeptide having cellulolytic enhancing activity
further comprises [EQ]-X-Y-X(2)-C-X-[EHQN]-[FILV]-X-
[ILV] (SEQ ID NO: 150). In another aspect, the polypeptide
having cellulolytic enhancing activity further comprises H-X
(1,2)-G-P-X(3)-[YW]-[AILMV] (SEQID Nos: 148 and 149)
and [EQ]-X-Y-X(2)-C-X-[EHQN]-[FILV]-X-[ILV] (SEQID
NO: 150).

In a second aspect, the polypeptide having cellulolytic
enhancing activity comprises the following motif:

[ILMV]-P-x(4,5)-G-x-Y-[ILMV]-x-R-x-[EQ]-x(3)-A-
[HNQ] (SEQ ID NOs: 145 and 146), wherein x is any amino
acid, x(4,5) is any amino acid at 4 or 5 contiguous positions,
and x(3) is any amino acid at 3 contiguous positions. In the
above motif, the accepted IUPAC single letter amino acid
abbreviation is employed.

In a third aspect, the polypeptide having cellulolytic
enhancing activity comprises an amino acid sequence that has
a degree of identity to the mature polypeptide of SEQ ID NO:
66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO: 72, SEQ
IDNO: 74, SEQID NO: 76, SEQID NO: 78, SEQ ID NO: 80,
SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID
NO: 88, SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID NO: 94,
SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100, SEQ ID
NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO:
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108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID NO: 114,
SEQ ID NO: 116, SEQ ID NO: 118, SEQ ID NO: 120, SEQ
ID NO: 122, SEQ ID NO: 124, SEQ ID NO: 126, or SEQ ID
NO: 128 of at least 60%, e.g., at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, or at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, or at
least 100%.

In a fourth aspect, the polypeptide having cellulolytic
enhancing activity is encoded by a polynucleotide that
hybridizes under at least very low stringency conditions, e.g.,
at least low stringency conditions, at least medium stringency
conditions, at least medium-high stringency conditions, at
least high stringency conditions, or at least very high strin-
gency conditions with (i) the mature polypeptide coding
sequence of SEQ ID NO: 65, SEQ ID NO: 67, SEQ 1D NO:
69, SEQ ID NO: 71, SEQ ID NO: 73, SEQ ID NO: 75, SEQ
IDNO: 77,SEQIDNO: 79, SEQIDNO: 81, SEQ IDNO: 83,
SEQ ID NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID
NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97,
SEQIDNO: 99, SEQIDNO: 101, SEQ ID NO: 103, SEQ ID
NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID NO:
111, SEQ ID NO: 113, SEQ ID NO: 115, SEQ ID NO: 117,
SEQ ID NO: 119, SEQ ID NO: 121, SEQ ID NO: 123, SEQ
ID NO: 125, or SEQ ID NO: 127, (ii) the cDNA sequence of
the mature polypeptide coding sequence of SEQ ID NO: 71,
SEQ ID NO: 73, SEQ ID NO: 75, or SEQ ID NO: 79, or the
genomic DNA sequence of the mature polypeptide coding
sequence of SEQ ID NO: 65, SEQ ID NO: 67, SEQ 1D NO:
69, SEQ ID NO: 77, SEQ ID NO: 81, SEQ ID NO: 83, SEQ
IDNO: 85, SEQIDNO: 87, SEQIDNO: 89, SEQIDNO: 91,
SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID
NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO:
105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID NO: 111,
SEQ ID NO: 113, SEQ ID NO: 115, SEQ ID NO: 117, SEQ
IDNO:119,SEQIDNO: 121, SEQID NO: 123, SEQID NO:
125, or SEQ ID NO: 127, (iii) a subsequence of (i) or (ii), or
(iv) a full-length complementary strand of (i), (i), or (iii) (J.
Sambrook, E. F. Fritsch, and T. Maniatus, 1989, supra). A
subsequence of the mature polypeptide coding sequence of
SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, SEQ ID
NO: 71, SEQ ID NO: 73, SEQ ID NO: 75, SEQ ID NO: 77,
SEQ ID NO: 79, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID
NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID NO: 91,
SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID
NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO:
105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID NO: 111,
SEQ ID NO: 113, SEQ ID NO: 115, SEQ ID NO: 117, SEQ
IDNO:119,SEQIDNO: 121, SEQID NO: 123, SEQID NO:
125, or SEQ ID NO: 127 contains at least 100 contiguous
nucleotides or preferably at least 200 contiguous nucleotides.
Moreover, the subsequence may encode a polypeptide frag-
ment that has cellulolytic enhancing activity.

In a fifth aspect, the polypeptide having cellulolytic
enhancing activity is encoded by a polynucleotide compris-
ing or consisting of a nucleotide sequence that has a degree of
identity to the mature polypeptide coding sequence of SEQ
IDNO: 65,SEQIDNO: 67, SEQIDNO: 69, SEQIDNO: 71,
SEQ ID NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID
NO: 79, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85,
SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID
NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 99,
SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ
IDNO:107,SEQIDNO: 109, SEQIDNO: 111, SEQIDNO:
113, SEQ ID NO: 115, SEQ ID NO: 117, SEQ ID NO: 119,
SEQIDNO: 121, SEQID NO: 123, SEQID NO: 125, or SEQ
ID NO: 127 of at least 60%, e.g., at least 65%, at least 70%, at
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least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or at least
100%.

In a sixth aspect, the polypeptide having cellulolytic
enhancing activity is an artificial variant comprising a substi-
tution, deletion, and/or insertion of one or more (or several)
amino acids of the mature polypeptide of SEQ ID NO: 66,
SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO: 72, SEQ ID
NO: 74, SEQ ID NO: 76, SEQ ID NO: 78, SEQ ID NO: 80,
SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID
NO: 88, SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID NO: 94,
SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100, SEQ ID
NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO:
108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID NO: 114,
SEQ ID NO: 116, SEQID NO: 118, SEQ ID NO: 120, SEQ
ID NO: 122, SEQID NO: 124, SEQ ID NO: 126, or SEQ ID
NO: 128; or a homologous sequence thereof.

Preferably, amino acid changes are of a minor nature, that
is conservative amino acid substitutions or insertions that do
not significantly affect the folding and/or activity of the pro-
tein; small deletions, typically of one to about 30 amino acids;
small amino- or carboxyl-terminal extensions, such as an
amino-terminal methionine residue; a small linker peptide of
up to about 20-25 residues; or a small extension that facili-
tates purification by changing net charge or another function,
such as a poly-histidine tract, an antigenic epitope or a bind-
ing domain.

Examples of conservative substitutions are within the
group of basic amino acids (arginine, lysine and histidine),
acidic amino acids (glutamic acid and aspartic acid), polar
amino acids (glutamine and asparagine), hydrophobic amino
acids (leucine, isoleucine and valine), aromatic amino acids
(phenylalanine, tryptophan and tyrosine), and small amino
acids (glycine, alanine, serine, threonine and methionine).
Amino acid substitutions that do not generally alter specific
activity are known in the art and are described, for example,
by H. Neurath and R. L. Hill, 1979, In, The Proteins, Aca-
demic Press, New York. The most commonly occurring
exchanges are Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly,
Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/
Arg, Asp/Asn, Leu/Ile, Leu/Val, Ala/Glu, and Asp/Gly.

Alternatively, the amino acid changes are of such a nature
that the physico-chemical properties of the polypeptides are
altered. For example, amino acid changes may improve the
thermal stability of the polypeptide, alter the substrate speci-
ficity, change the pH optimum, and the like.

Essential amino acids in a parent polypeptide can be iden-
tified according to procedures known in the art, such as site-
directed mutagenesis or alanine-scanning mutagenesis (Cun-
ningham and Wells, 1989, Science 244: 1081-1085). In the
latter technique, single alanine mutations are introduced at
every residue in the molecule, and the resultant mutant mol-
ecules are tested for cellulolytic enhancing activity to identify
amino acid residues that are critical to the activity of the
molecule. See also, Hilton et al., 1996, J. Biol. Chem. 271:
4699-4708. The active site of the enzyme or other biological
interaction can also be determined by physical analysis of
structure, as determined by such techniques as nuclear mag-
netic resonance, crystallography, electron diffraction, or pho-
toaffinity labeling, in conjunction with mutation of putative
contact site amino acids. See, for example, de Vos et al., 1992,
Science 255: 306-312; Smith et al., 1992, J. Mol. Biol. 224:
899-904; Wlodaver et al., 1992, FEBS Lett. 309: 59-64. The
identities of essential amino acids can also be inferred from
analysis of identities with polypeptides that are related to the
parent polypeptide.
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Single or multiple amino acid substitutions, deletions, and/
or insertions can be made and tested using known methods of
mutagenesis, recombination, and/or shuffling, followed by a
relevant screening procedure, such as those disclosed by
Reidhaar-Olson and Sauer, 1988, Science 241: 53-57; Bowie
and Sauer, 1989, Proc. Natl. Acad. Sci. USA 86: 2152-2156;
WO 95/17413; or WO 95/22625. Other methods that can be
used include error-prone PCR, phage display (e.g., Lowman
et al., 1991, Biochemistry 30: 10832-10837; U.S. Pat. No.
5,223,409; WO 92/06204), and region-directed mutagenesis
(Derbyshire et al., 1986, Gene 46: 145; Ner et al., 1988, DNA
7:127).

Mutagenesis/shuffling methods can be combined with
high-throughput, automated screening methods to detect
activity of cloned, mutagenized polypeptides expressed by
host cells (Ness et al., 1999, Nature Biotechnology 17: 893-
896). Mutagenized DNA molecules that encode active
polypeptides can be recovered from the host cells and rapidly
sequenced using standard methods in the art. These methods
allow the rapid determination of the importance of individual
amino acid residues in a polypeptide.

The total number of amino acid substitutions, deletions
and/or insertions of the mature polypeptide of SEQ ID NO:
66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO: 72, SEQ
IDNO: 74, SEQID NO: 76, SEQ ID NO: 78, SEQ ID NO: 80,
SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID
NO: 88, SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID NO: 94,
SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100, SEQ ID
NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO:
108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID NO: 114,
SEQ ID NO: 116, SEQ ID NO: 118, SEQ ID NO: 120, SEQ
ID NO: 122, SEQ ID NO: 124, SEQ ID NO: 126, or SEQ ID
NO: 128 is not more than 4, e.g., 1, 2, 3, or 4.

In one aspect, the one or more (several) hemicellulolytic
enzymes comprise a commercial hemicellulolytic enzyme
preparation. Examples of commercial hemicellulolytic
enzyme preparations suitable for use in the present invention
include, for example, SHEARZYME™ (Novozymes NS),
CELLIC™ HTec (Novozymes NS), CELLIC™ HTec2 (No-
vozymes NS), VISCOZYME® (Novozymes NS), ULTRA-
FLO® (Novozymes NS), PULPZYME® HC (Novozymes
NS), MULTIFECT® Xylanase (Genencor), ECOPULP®
TX-200A (AB Enzymes), HSP 6000 Xylanase (DSM),
DEPOL™ 333P (Biocatalysts Limit, Wales, UK), DEPOL™
740L. (Biocatalysts Limit, Wales, UK), and DEPOL™ 762P
(Biocatalysts Limit, Wales, UK).

Examples of xylanases useful in the methods of the present
invention include, but are not limited to, Aspergillus aculea-
tus xylanase (GeneSeqP:AAR63790; WO 94/21785),
Aspergillus fumigatus xylanases (WO 2006/078256; xyl 3
SEQ ID NO: 129 [DNA sequence]| and SEQ ID NO: 130
[deduced amino acid sequence]), and Thielavia terrestris
NRRL 8126 xylanases (WO 2009/079210).

Examples of beta-xylosidases useful in the methods of the
present invention include, but are not limited to, Trichoderma
reesei beta-xylosidase (UniProtKB/TrEMBL accession num-
ber Q92458; SEQ ID NO: 131 [DNA sequence] and SEQ ID
NO: 132 [deduced amino acid sequence]; see also Example 1
herein), Talaromyces emersonii (SwissProt accession num-
ber Q8X212), Neurospora crassa(SwissProt accession num-
ber Q7SOW4), and Aspergillus fumigatus beta-xylosidase
(Uniprot accession number QOH905; SEQ ID NO: 133 [DNA
sequence] and SEQ ID NO: 134 [deduced amino acid
sequence]; see also Example 2 herein).

Examples of acetylxylan esterases useful in the methods of
the present invention include, but are not limited to, Hypocrea
Jecorina acetylxylan esterase (WO 2005/001036), Neuro-
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spora crassa acetylxylan esterase (UniProt accession number
q7s259), Thielavia terrestris NRRL 8126 acetylxylan
esterase (WO 2009/042846), Chaetomium globosum
acetylxylan esterase (Uniprot accession number Q2GWX4),
Chaetomium gracile acetylxylan esterase (GeneSeqP acces-
sionnumber AAB82124), Phaeosphaeria nodorum acetylxy-
lan esterase (Uniprot accession number QOUHIJ1), and
Humicola insolens DSM 1800 acetylxylan esterase (WO
2009/073709).

Examples of ferulic acid esterases useful in the methods of
the present invention include, but are not limited to, Humicola
insolens DSM 1800 feruloyl esterase (WO 2009/076122),
Neurospora crassa feruloyl esterase (UniProt accession num-
ber QOHGR?3), and Neosartorya fischeri feruloyl esterase
(UniProt Accession number A1D9T4).

Examples of arabinofuranosidases useful in the methods of
the present invention include, but are not limited to, Humicola
insolens DSM 1800 arabinofuranosidase (WO 2009/073383)
and Aspergillus niger arabinofuranosidase (GeneSeqP acces-
sion number AAR94170).

Examples of alpha-glucuronidases useful in the methods of
the present invention include, but are not limited to, Aspergil-
lus clavatus alpha-glucuronidase (UniProt accession number
alccl2), Trichoderma reesei alpha-glucuronidase (Uniprot
accession number Q99024), Talaromyces emersonii alpha-
glucuronidase (UniProt accession number Q8X211),
Aspergillus niger alpha-glucuronidase (Uniprot accession
number Q96WX9), Aspergillus terreus alpha-glucuronidase
(SwissProt accession number QOCIP9), and Aspergillus
fumigatus alpha-glucuronidase (SwissProt accession number
Q4WW45).

The enzymes and proteins used in the methods of the
present invention may be produced by fermentation of the
above-noted microbial strains on a nutrient medium contain-
ing suitable carbon and nitrogen sources and inorganic salts,
using procedures known in the art (see, e.g., Bennett, J. W.
and LaSure, L. (eds.), More Gene Manipulations in Fungi,
Academic Press, CA, 1991). Suitable media are available
from commercial suppliers or may be prepared according to
published compositions (e.g., in catalogues of the American
Type Culture Collection). Temperature ranges and other con-
ditions suitable for growth and enzyme production are known
in the art (see, e.g., Bailey, J. E., and Ollis, D. F., Biochemical
Engineering Fundamentals, McGraw-Hill Book Company,
NY, 1986).

The fermentation can be any method of cultivation ofa cell
resulting in the expression or isolation of an enzyme. Fermen-
tation may, therefore, be understood as comprising shake
flask cultivation, or small- or large-scale fermentation (in-
cluding continuous, batch, fed-batch, or solid state fermenta-
tions) in laboratory or industrial fermentors performed in a
suitable medium and under conditions allowing the enzyme
to be expressed or isolated. The resulting enzymes produced
by the methods described above may be recovered from the
fermentation medium and purified by conventional proce-
dures.

Fermentation.

The fermentable sugars obtained from the hydrolyzed bio-
mass material can be fermented by one or more (several)
fermenting microorganisms capable of fermenting the sugars
(e.g., xylose) directly or indirectly into a desired fermentation
product (e.g., ethanol). “Fermentation” or “fermentation pro-
cess” refers to any fermentation process or any process com-
prising a fermentation step. Fermentation processes also
include fermentation processes used in the consumable alco-
hol industry (e.g., beer and wine), dairy industry (e.g., fer-
mented dairy products), leather industry, and tobacco indus-
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try. The fermentation conditions depend on the desired
fermentation product and fermenting organism and can easily
be determined by one skilled in the art.

In the fermentation step, sugars, released from biomass
material as a result of the pretreatment and/or enzymatic
hydrolysis steps, are fermented to a product, e.g., ethanol, by
a fermenting organism, such as yeast. Hydrolysis (sacchari-
fication) and fermentation can be separate or simultaneous, as
described herein.

Any suitable hydrolyzed biomass material can be used in
the fermentation step in practicing the present invention. The
material is generally selected based on the desired fermenta-
tion product, i.e., the substance to be obtained from the fer-
mentation, and the process employed, as is well known in the
art.

The term “fermentation medium” is understood herein to
refer to a medium before the fermenting microorganism(s)
is(are) added, such as, a medium resulting from a saccharifi-
cation process, as well as a medium used in a simultaneous
saccharification and fermentation process (SSF).

“Fermenting microorganism” refers to any microorgan-
ism, including bacterial and fungal organisms, suitable for
use in a desired fermentation process to produce a fermenta-
tion product. The fermenting organism can be Cg and/or Cs
fermenting organisms, or a combination thereof. Both C; and
C, fermenting organisms are well known in the art. Suitable
fermenting microorganisms are able to ferment, i.e., convert
sugars, such as glucose, xylose, xylulose, arabinose, maltose,
mannose, galactose, or oligosaccharides, directly or indi-
rectly into the desired fermentation product. In one aspect,
fermenting the biomass material (e.g., pretreated and/or sac-
charified biomass material) is conducted using C fermenting
organisms. Fermenting the biomass material may be con-
ducted with any one or any combination of two or more
(several) of the fermenting microorganisms described herein.

Examples of bacterial and fungal fermenting organisms
producing ethanol are described by Lin et al., 2006, Appl.
Microbiol. Biotechnol. 69: 627-642.

Examples of fermenting microorganisms that can ferment
C, sugars include bacterial and fungal organisms, such as
yeast. Preferred yeast includes strains of the Saccharomyces
spp., preferably Saccharomyces cerevisiae.

Examples of fermenting organisms that can ferment Cs
sugars include bacterial and fungal organisms, such as yeast.
Preferred C fermenting yeast include strains of Pichia, pref-
erably Pichia stipitis, such as Pichia stipitis CBS 5773;
strains of Candida, preferably Candida boidinii, Candida
brassicae, Candida sheatae, Candida diddensii, Candida
pseudotropicalis, or Candida utilis.

Other fermenting organisms include strains of Zymomo-
nas, such as Zymomonas mobilis; Hansenula, such as
Hansenula anomala; Kluyveromyces, such as K. fragilis;
Schizosaccharomyces, such as S. pombe; and E. coli, espe-
cially E. coli strains that have been genetically modified to
improve the yield of ethanol.

In one aspect, the yeast is a Saccharomyces spp. In another
aspect, the yeast is Saccharomyces cerevisiae. In another
aspect, the yeast is Saccharomyces distaticus. In another
aspect, the yeast is Saccharomyces uvarum. In another aspect,
the yeast is a Kluyveromyces. In another aspect, the yeast is
Kluyveromyces marxianus. In another aspect, the yeast is
Kluyveromyces fragilis. In another aspect, the yeast is a Can-
dida. In another aspect, the yeast is Candida boidinii. In
another aspect, the yeast is Candida brassicae. In another
aspect, the yeast is Candida diddensii. In another aspect, the
yeast is Candida pseudotropicalis. In another aspect, the
yeast is Candida utilis. In another aspect, the yeast is a Clav-
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ispora. In another aspect, the yeast is Clavispora lusitaniae.
Inanother aspect, the yeast is Clavispora opuntiae. In another
aspect, the yeast is a Pachysolen. In another aspect, the yeast
is Pachysolen tannophilus. In another aspect, the yeast is a
Pichia. In another aspect, the yeast is a Pichia stipitis. In
another aspect, the yeast is a Bretannomyces. In another
aspect, the yeast is Bretannomyces clausenii (Philippidis, G.
P., 1996, Cellulose bioconversion technology, in Handbook
on Bioethanol: Production and Utilization, Wyman, C. E.,
ed., Taylor & Francis, Washington, D.C., 179-212).

Bacteria that can efficiently ferment hexose and pentose to
ethanol include, for example, Zymomonas mobilis and
Clostridium thermocellum (Philippidis, 1996, supra).

In one aspect, the bacterium is a Zymomonas. In another
aspect, the bacterium is Zymomonas mobilis. In another
aspect, the bacterium is a Clostridium. In another aspect, the
bacterium is Clostridium thermocellum.

Commercially available yeast suitable for ethanol produc-
tion includes, e.g., ETHANOL RED™ yeast (available from
Fermentis/Lesaftre, USA), FALI™ (available from Fleis-
chmann’s Yeast, USA), SUPERSTART™ and THERMO-
SACC™ fresh yeast (available from Ethanol Technology, W1,
USA), BIOFERM™ AFT and XR (available from NABC—
North American Bioproducts Corporation, GA, USA), GERT
STRAND™ (available from Gert Strand AB, Sweden), and
FERMIOL™ (available from DSM Specialties).

In one aspect, the fermenting microorganism has been
genetically modified to provide the ability to ferment pentose
sugars, such as xylose utilizing, arabinose utilizing, and
xylose and arabinose co-utilizing microorganisms.

The cloning of heterologous genes into various fermenting
microorganisms has led to the construction of organisms
capable of converting hexoses and pentoses to ethanol (cof-
ermentation) (Chen and Ho, 1993, Cloning and improving the
expression of Pichia stipitis xylose reductase gene in Saccha-
romyces cerevisiae, Appl. Biochem. Biotechnol. 39-40: 135-
147; Ho et al., 1998, Genetically engineered Saccharomyces
yeast capable of effectively cofermenting glucose and xylose,
Appl. Environ. Microbiol. 64: 1852-1859; Kotter and Ciriacy,
1993, Xylose fermentation by Saccharomyces cerevisiae,
Appl. Microbiol. Biotechnol. 38: 776-783; Walfridsson et al.,
1995, Xylose-metabolizing Saccharomyces cerevisiae
strains overexpressing the TKI.1 and TAL1 genes encoding
the pentose phosphate pathway enzymes transketolase and
transaldolase, Appl. Environ. Microbiol. 61: 4184-4190;
Kuyper et al., 2004, Minimal metabolic engineering of Sac-
charomyces cerevisiae for efficient anaerobic xylose fermen-
tation: a proof of principle, FEMS Yeast Research 4: 655-664;
Beall et al., 1991, Parametric studies of ethanol production
from xylose and other sugars by recombinant Escherichia
coli, Biotech. Bioeng. 38: 296-303; Ingram et al., 1998, Meta-
bolic engineering of bacteria for ethanol production, Biotech-
nol. Bioeng. 58: 204-214; Zhang et al., 1995, Metabolic engi-
neering of a pentose metabolism pathway in ethanologenic
Zymomonas mobilis, Science 267: 240-243; Deanda et al.,
1996, Development of an arabinose-fermenting Zymomonas
mobilis strain by metabolic pathway engineering, Appl. Envi-
ron. Microbiol. 62: 4465-4470; WO 2003/062430, xylose
isomerase).

In one aspect, the genetically modified fermenting micro-
organism is Saccharomyces cerevisiae. In another aspect, the
genetically modified fermenting microorganism is Zymomo-
nas mobilis. In another aspect, the genetically modified fer-
menting microorganism is FEscherichia coli. In another
aspect, the genetically modified fermenting microorganism is
Klebsiella oxytoca. In another aspect, the genetically modi-
fied fermenting microorganism is Kluyveromyces sp.
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It is well known in the art that the organisms described
above can also be used to produce other substances, as
described herein.

The fermenting microorganism is typically added to the
degraded lignocellulose or hydrolysate and the fermentation
is performed for about 8 to about 96 hours, such as about 24
to about 60 hours. The temperature is typically between about
26° C.to about 60° C., in particular about 32° C. or 50° C., and
at about pH 3 to about pH 8, such as around pH 4-5, 6, or 7.

In one aspect, the yeast and/or another microorganism is
applied to the degraded biomass material and the fermenta-
tion is performed for about 12 hours to about 96 hours, such
as 24-60 hours. In one aspect, the temperature is between
about 20° C. to about 60° C., e.g., about 25° C. to about 50°
C., or about 32° C. to about 50° C., and the pH is generally
from about pH 3 to about pH 7, e.g., around pH 4-7, such as
about pH 5. However, some fermenting organisms, e.g., bac-
teria, have higher fermentation temperature optima. Yeast or
another microorganism is preferably applied in amounts of
approximately 10° to 10'2, e.g., from approximately 107 to
10'°, especially approximately 2x10® viable cell count per
ml of fermentation broth. Further guidance in respect of
using yeast for fermentation can be found in, e.g., “The Alco-
hol Textbook™ (Editors K. Jacques, T. P. Lyons and D. R.
Kelsall, Nottingham University Press, United Kingdom
1999), which is hereby incorporated by reference.

For ethanol production, following the fermentation the
fermented slurry is distilled to extract the ethanol. The ethanol
obtained according to the methods of the invention can be
used as, e.g., fuel ethanol, drinking ethanol, i.e., potable neu-
tral spirits, or industrial ethanol.

A fermentation stimulator can be used in combination with
any of the processes described herein to further improve the
fermentation process, and in particular, the performance of
the fermenting microorganism, such as, rate enhancement
and ethanol yield. A “fermentation stimulator” refers to
stimulators for growth of the fermenting microorganisms, in
particular, yeast. Preferred fermentation stimulators for
growth include vitamins and minerals. Examples of vitamins
include multivitamins, biotin, pantothenate, nicotinic acid,
meso-inositol, thiamine, pyridoxine, para-aminobenzoic
acid, folic acid, riboflavin, and Vitamins A, B, C, D, and E.
See, for example, Alfenore et al., Improving ethanol produc-
tion and viability of Saccharomyces cerevisiae by a vitamin
feeding strategy during fed-batch process, Springer-Verlag
(2002), which is hereby incorporated by reference. Examples
of'minerals include minerals and mineral salts that can supply
nutrients comprising P, K, Mg, S, Ca, Fe, Zn, Mn, and Cu.

Fermentation Products:

The fermentation product can be any substance derived
from the fermentation. The fermentation product can be,
without limitation, an alcohol (e.g., arabinitol, butanol, etha-
nol, glycerol, methanol, 1,3-propanediol, sorbitol, and xyli-
tol); an organic acid (e.g., acetic acid, acetonic acid, adipic
acid, ascorbic acid, citric acid, 2,5-diketo-D-gluconic acid,
formic acid, fumaric acid, glucaric acid, gluconic acid, glu-
curonic acid, glutaric acid, 3-hydroxypropionic acid, itaconic
acid, lactic acid, malic acid, malonic acid, oxalic acid, oxalo-
acetic acid, propionic acid, succinic acid, and xylonic acid); a
ketone (e.g., acetone); an amino acid (e.g., aspartic acid,
glutamic acid, glycine, lysine, serine, and threonine); an
alkane (e.g., pentane, hexane, heptane, octane, nonane,
decane, undecane, and dodecane), a cycloalkane (e.g., cyclo-
pentane, cyclohexane, cycloheptane, and cyclooctane), an
alkene (e.g., pentene, hexene, heptene, and octene); and a gas
(e.g., methane, hydrogen (H,), carbon dioxide (CO,), and
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carbon monoxide (CO)). The fermentation product can also
be protein as a high value product.

In one aspect, the fermentation product is an alcohol. It will
be understood that the term “alcohol” encompasses a sub-
stance that contains one or more hydroxyl moieties. In one
aspect, the alcohol is arabinitol. In another aspect, the alcohol
is butanol. In another aspect, the alcohol is ethanol. In another
aspect, the alcohol is glycerol. In another aspect, the alcohol
is methanol. In another aspect, the alcohol is 1,3-propanediol.
In another aspect, the alcohol is sorbitol. In another aspect,
the alcohol is xylitol. See, for example, Gong, C. S., Cao, N.
J., Du, J., and Tsao, G. T., 1999, Ethanol production from
renewable resources, in Advances in Biochemical Engineer-
ing/Biotechnology, Scheper, T., ed., Springer-Verlag Berlin
Heidelberg, Germany, 65: 207-241; Silveira and Jonas,
R2002, The biotechnological production of sorbitol, Appl.
Microbiol. Biotechnol. 59: 400-408; Nigam and Singh, 1995,
Processes for fermentative production of xylitol—a sugar
substitute, Process Biochemistry 30(2): 117-124; Ezeji et al.,
2003, Production of acetone, butanol and ethanol by
Clostridium beijerinckii BA101 and in situ recovery by gas
stripping, World Journal of Microbiology and Biotechnology
19(6): 595-603.

In another aspect, the fermentation product is an organic
acid. In one aspect, the organic acid is acetic acid. In another
aspect, the organic acid is acetonic acid. In another aspect, the
organic acid is adipic acid. In another aspect, the organic acid
is ascorbic acid. In another aspect, the organic acid is citric
acid. In another aspect, the organic acid is 2,5-diketo-D-
gluconic acid. In another aspect, the organic acid is formic
acid. In another aspect, the organic acid is fumaric acid. In
another aspect, the organic acid is glucaric acid. In another
aspect, the organic acid is gluconic acid. In another aspect, the
organic acid is glucuronic acid. In another aspect, the organic
acid is glutaric acid. In another aspect, the organic acid is
3-hydroxypropionic acid. In another aspect, the organic acid
is itaconic acid. In another aspect, the organic acid is lactic
acid. In another aspect, the organic acid is malic acid. In
another aspect, the organic acid is malonic acid. In another
aspect, the organic acid is oxalic acid. In another aspect, the
organic acid is propionic acid. In another aspect, the organic
acid is succinic acid. In another aspect, the organic acid is
xylonic acid. See, for example, Chen and Lee, 1997, Mem-
brane-mediated extractive fermentation for lactic acid pro-
duction from cellulosic biomass, Appl. Biochem. Biotechnol.
63-65: 435-448.

In another aspect, the fermentation product is a ketone. It
will be understood that the term “ketone” encompasses a
substance that contains one or more ketone moieties. In
another aspect, the ketone is acetone. See, for example,
Qureshi and Blaschek, 2003, supra.

In another aspect, the fermentation product is an amino
acid. In one aspect, the amino acid is aspartic acid. In another
aspect, the amino acid is glutamic acid. In another aspect, the
amino acid is glycine. In another aspect, the amino acid is
lysine. In another aspect, the amino acid is serine. In another
aspect, the amino acid is threonine. See, for example, Rich-
ard, A., and Margaritis, A., 2004, Empirical modeling of
batch fermentation kinetics for poly(glutamic acid) produc-
tion and other microbial biopolymers, Biotechnology and
Bioengineering 87(4): 501-515.

In another aspect, the fermentation product is an alkane.
The alkane can be an unbranched or a branched alkane. In one
aspect, the alkane is pentane. In another aspect, the alkane is
hexane. In another aspect, the alkane is heptane. In another
aspect, the alkane is octane. In another aspect, the alkane is
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nonane. In another aspect, the alkane is decane. In another
aspect, the alkane is undecane. In another aspect, the alkane is
dodecane.

In another aspect, the fermentation product is a cycloal-
kane. In one aspect, the cycloalkane is cyclopentane. In
another aspect, the cycoalkane is cyclohexane. In another
aspect, the cycloalkane is cycloheptane. In another aspect, the
cycloalkane is cyclooctane.

In another aspect, the fermentation product is an alkene.
The alkene can be an unbranched or a branched alkene. In one
aspect, the alkene is pentene. In another aspect, the alkene is
hexene. In another aspect, the alkene is heptene. In another
aspect, the alkene is octene.

In another aspect, the fermentation product is a gas. In one
aspect, the gas is methane. In another aspect, the gas is H,. In
another aspect, the gas is CO,. In another aspect, the gas is
CO. See, for example, Kataoka et al., 1997, Studies on hydro-
gen production by continuous culture system of hydrogen-
producing anaerobic bacteria, Water Science and Technology
36 (6-7): 41-47; and Gunaseelan, 1997, Anaerobic digestion
of biomass for methane production: A review, Biomass and
Bioenergy, 13(1-2): 83-114.

Recovery.

The fermentation product(s) can be optionally recovered
from the fermentation medium using any method known in
the art including, but not limited to, chromatography, electro-
phoretic procedures, differential solubility, distillation, or
extraction. For example, alcohol is separated from the fer-
mented sugar cane trash and purified by conventional meth-
ods of distillation. Ethanol with a purity of up to about 96 vol.
% can be obtained, which can be used as, for example, fuel
ethanol, drinking ethanol, i.e., potable neutral spirits, or
industrial ethanol.

Nucleic Acid Constructs

An isolated polynucleotide encoding a polypeptide, e.g., a
GH61 polypeptide having cellulolytic enhancing activity, a
cellulolytic enzyme, a hemicellulolytic enzyme, etc., may be
manipulated in a variety of ways to provide for expression of
the polypeptide by constructing a nucleic acid construct com-
prising an isolated polynucleotide encoding the polypeptide
operably linked to one or more (several) control sequences
that direct the expression of the coding sequence in a suitable
host cell under conditions compatible with the control
sequences. Manipulation of the polynucleotide’s sequence
prior to its insertion into a vector may be desirable or neces-
sary depending on the expression vector. The techniques for
modifying polynucleotide sequences utilizing recombinant
DNA methods are well known in the art.

The control sequence may be a promoter sequence, a poly-
nucleotide that is recognized by a host cell for expression of
a polynucleotide encoding a polypeptide. The promoter
sequence contains transcriptional control sequences that
mediate the expression of the polypeptide. The promoter may
be any polynucleotide that shows transcriptional activity in
the host cell of choice including mutant, truncated, and hybrid
promoters, and may be obtained from genes encoding extra-
cellular or intracellular polypeptides either homologous or
heterologous to the host cell.

Examples of suitable promoters for directing the transcrip-
tion of the nucleic acid constructs in the present invention in
a bacterial host cell are the promoters obtained from the
Bacillus amyloliquefaciens alpha-amylase gene (amyQ),
Bacillus licheniformis alpha-amylase gene (amyL), Bacillus
licheniformis penicillinase gene (penP), Bacillus stearother-
mophilus maltogenic amylase gene (amyM), Bacillus subtilis
levansucrase gene (sacB), Bacillus subtilis xylA and xylB
genes, E. coli lac operon, Streptomyces coelicolor agarase
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gene (dagA), and prokaryotic beta-lactamase gene (Villa-
Kamaroff et al., 1978, Proc. Natl. Acad. Sci. USA 75: 3727-
3731), as well as the tac promoter (DeBoer et al., 1983, Proc.
Natl. Acad. Sci. USA 80: 21-25). Further promoters are
described in “Useful proteins from recombinant bacteria” in
Gilbert et al., 1980, Scientific American, 242: 74-94; and in
Sambrook et al., 1989, supra.

Examples of suitable promoters for directing the transcrip-
tion of the nucleic acid constructs in the present invention in
a filamentous fungal host cell are promoters obtained from
the genes for Aspergillus nidulans acetamidase, Aspergillus
niger neutral alpha-amylase, Aspergillus niger acid stable
alpha-amylase, Aspergillus niger or Aspergillus awamori
glucoamylase (glaA), Aspergillus oryzae TAKA amylase,
Aspergillus oryzae alkaline protease, Aspergillus oryzae tri-
ose phosphate isomerase, Fusarium oxysporum trypsin-like
protease (WO 96/00787), Fusarium venenatum amyloglu-
cosidase (WO 00/56900), Fusarium venenatum Daria (WO
00/56900), Fusarium venenatum Quinn (WO 00/56900),
Rhizomucor miehei lipase, Rhizomucor miehei aspartic pro-
teinase, Trichoderma reesei beta-glucosidase, Trichoderma
reesei cellobiohydrolase 1, Trichoderma reesei cellobiohy-
drolase 11, Trichoderma reesei endoglucanase I, Trichoderma
reesei endoglucanase 11, Trichoderma reesei endoglucanase
1II, Trichoderma reesei endoglucanase 1V, Trichoderma
reesei endoglucanase V, Trichoderma reesei xylanase 1, Tri-
choderma reeseixylanasell, Trichoderma reesei beta-xylosi-
dase, as well as the NA2-tpi promoter (a modified promoter
from a gene encoding a neutral alpha-amylase in Aspergilli in
which the untranslated leader has been replaced by an
untranslated leader from a gene encoding triose phosphate
isomerase in Aspergilli; non-limiting examples include modi-
fied promoters from the gene encoding neutral alpha-amylase
in Aspergillus niger in which the untranslated leader has been
replaced by an untranslated leader from the gene encoding
triose phosphate isomerase in Aspergillus nidulans or
Aspergillus oryzae); and mutant, truncated, and hybrid pro-
moters thereof.

In a yeast host, useful promoters are obtained from the
genes for Saccharomyces cerevisiae enolase (ENO-1), Sac-
charomyces cerevisiae galactokinase (GAL1), Saccharomy-
ces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-
phosphate ~ dehydrogenase ~ (ADH1,  ADH2/GAP),
Saccharomyces cerevisiae triose phosphate isomerase (TPI),
Saccharomyces cerevisiae metallothionein (CUP1), and Sac-
charomyces cerevisiae 3-phosphoglycerate kinase. Other
useful promoters for yeast host cells are described by
Romanos et al., 1992, Yeast 8: 423-488.

The control sequence may also be a suitable transcription
terminator sequence, which is recognized by a host cell to
terminate transcription. The terminator sequence is operably
linked to the 3'-terminus of the polynucleotide encoding the
polypeptide. Any terminator that is functional in the host cell
of choice may be used in the present invention.

Preferred terminators for filamentous fungal host cells are
obtained from the genes for Aspergillus nidulans anthranilate
synthase, Aspergillus niger glucoamylase, Aspergillus niger
alpha-glucosidase, Aspergillus oryzae TAKA amylase, and
Fusarium oxysporum trypsin-like protease.

Preferred terminators for yeast host cells are obtained from
the genes for Saccharomyces cerevisiae enolase, Saccharo-
myces cerevisiae cytochrome C (CYC1), and Saccharomyces
cerevisiae  glyceraldehyde-3-phosphate  dehydrogenase.
Other useful terminators for yeast host cells are described by
Romanos et al., 1992, supra.

The control sequence may also be a suitable leader
sequence, when transcribed is a nontranslated region of an
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mRNA that is important for translation by the host cell. The
leader sequence is operably linked to the 5'-terminus of the
polynucleotide encoding the polypeptide. Any leader
sequence that is functional in the host cell of choice may be
used.

Preferred leaders for filamentous fungal host cells are
obtained from the genes for Aspergillus oryzae TAKA amy-
lase and Aspergillus nidulans triose phosphate isomerase.

Suitable leaders for yeast host cells are obtained from the
genes for Saccharomyces cerevisiae enolase (ENO-1), Sac-
charomyces cerevisiae 3-phosphoglycerate kinase, Saccha-
romyces cerevisiae alpha-factor, and Saccharomyces cerevi-
siae alcohol dehydrogenase/glyceraldehyde-3-phosphate
dehydrogenase (ADH2/GAP).

The control sequence may also be a polyadenylation
sequence, a sequence operably linked to the 3'-terminus of the
polynucleotide and, when transcribed, is recognized by the
host cell as a signal to add polyadenosine residues to tran-
scribed mRNA. Any polyadenylation sequence that is func-
tional in the host cell of choice may be used.

Preferred polyadenylation sequences for filamentous fun-
gal host cells are obtained from the genes for Aspergillus
oryzae TAKA amylase, Aspergillus niger glucoamylase,
Aspergillus  nidulans anthranilate synthase, Fusarium
oxysporum trypsin-like protease, and Aspergillus niger
alpha-glucosidase.

Useful polyadenylation sequences for yeast host cells are
described by Guo and Sherman, 1995, Mo!. Cellular Biol. 15:
5983-5990.

The control sequence may also be a signal peptide coding
region that encodes a signal peptide linked to the N-terminus
of a polypeptide and directs the polypeptide into the cell’s
secretory pathway. The 5'-end of the coding sequence of the
polynucleotide may inherently contain a signal peptide cod-
ing sequence naturally linked in translation reading frame
with the segment of the coding sequence that encodes the
polypeptide. Alternatively, the 5'-end of the coding sequence
may contain a signal peptide coding sequence that is foreign
to the coding sequence. The foreign signal peptide coding
sequence may be required where the coding sequence does
not naturally contain a signal peptide coding sequence. Alter-
natively, the foreign signal peptide coding sequence may
simply replace the natural signal peptide coding sequence in
order to enhance secretion of the polypeptide. However, any
signal peptide coding sequence that directs the expressed
polypeptide into the secretory pathway of a host cell of choice
may be used.

Effective signal peptide coding sequences for bacterial
host cells are the signal peptide coding sequences obtained
from the genes for Bacillus NCIB 11837 maltogenic amylase,
Bacillus licheniformis subtilisin, Bacillus licheniformis beta-
lactamase, Bacillus stearothermophilus alpha-amylase,
Bacillus stearothermophilus neutral proteases (nprT, nprS,
nprM), and Bacillus subtilis prsA. Further signal peptides are
described by Simonen and Palva, 1993, Microbiological
Reviews 57: 109-137.

Effective signal peptide coding sequences for filamentous
fungal host cells are the signal peptide coding sequences
obtained from the genes for Aspergillus niger neutral amy-
lase, Aspergillus niger glucoamylase, Aspergillus oryzae
TAKA amylase, Humicola insolens cellulase, Humicola
insolens endoglucanase V, Humicola lanuginosa lipase, and
Rhizomucor miehei aspartic proteinase.

Useful signal peptides for yeast host cells are obtained
from the genes for Saccharomyces cerevisiae alpha-factor
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and Saccharomyces cerevisiae invertase. Other useful signal
peptide coding sequences are described by Romanos et al.,
1992, supra.

The control sequence may also be a propeptide coding
sequence that encodes a propeptide positioned at the N-ter-
minus of'a polypeptide. The resultant polypeptide is known as
aproenzyme or propolypeptide (or a Zymogen in some cases).
A propolypeptide is generally inactive and can be converted
to an active polypeptide by catalytic or autocatalytic cleavage
of the propeptide from the propolypeptide. The propeptide
coding sequence may be obtained from the genes for Bacillus
subtilis alkaline protease (aprE), Bacillus subtilis neutral pro-
tease (nprl), Myceliophthora thermophila laccase (WO
95/33836), Rhizomucor miehei aspartic proteinase, and Sac-
charomyces cerevisiae alpha-factor.

Where both signal peptide and propeptide sequences are
present at the N-terminus of a polypeptide, the propeptide
sequence is positioned next to the N-terminus of a polypep-
tide and the signal peptide sequence is positioned next to the
N-terminus of the propeptide sequence.

It may also be desirable to add regulatory sequences that
allow the regulation of the expression of the polypeptide
relative to the growth ofthe host cell. Examples of regulatory
systems are those that cause the expression of the gene to be
turned on or off in response to a chemical or physical stimu-
lus, including the presence of a regulatory compound. Regu-
latory systems in prokaryotic systems include the lac, tac, and
trp operator systems. In yeast, the ADH2 system or GALI1
system may be used. In filamentous fungi, the Aspergillus
niger glucoamylase promoter, Aspergillus oryzae TAKA
alpha-amylase promoter, and Aspergillus oryzae glucoamy-
lase promoter may be used. Other examples of regulatory
sequences are those that allow for gene amplification. In
eukaryotic systems, these regulatory sequences include the
dihydrofolate reductase gene that is amplified in the presence
of methotrexate, and the metallothionein genes that are
amplified with heavy metals. In these cases, the polynucle-
otide encoding the polypeptide would be operably linked
with the regulatory sequence.

Expression Vectors

The various nucleotide and control sequences described
above may be joined together to produce a recombinant
expression vector that may include one or more (several)
convenient restriction sites to allow for insertion or substitu-
tion ofa polynucleotide encoding a polypeptide, e.g., a GH61
polypeptide having cellulolytic enhancing activity, a cellu-
lolytic enzyme, a hemicellulolytic enzyme, etc., at such sites.
Alternatively, the polynucleotide may be expressed by insert-
ing the polynucleotide or a nucleic acid construct comprising
the sequence into an appropriate vector for expression. In
creating the expression vector, the coding sequence is located
in the vector so that the coding sequence is operably linked
with the appropriate control sequences for expression.

The recombinant expression vector may be any vector
(e.g., aplasmid or virus) that can be conveniently subjected to
recombinant DNA procedures and can bring about expression
of'the polynucleotide. The choice of the vector will typically
depend on the compatibility of the vector with the host cell
into which the vector is to be introduced. The vector may be
a linear or closed circular plasmid.

The vector may be an autonomously replicating vector, i.e.,
a vector that exists as an extrachromosomal entity, the repli-
cation of which is independent of chromosomal replication,
e.g., a plasmid, an extrachromosomal element, a minichro-
mosome, or an artificial chromosome. The vector may con-
tain any means for assuring self-replication. Alternatively, the
vector may be one that, when introduced into the host cell, is
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integrated into the genome and replicated together with the
chromosome(s) into which it has been integrated. Further-
more, a single vector or plasmid or two or more vectors or
plasmids that together contain the total DNA to be introduced
into the genome of the host cell, or a transposon, may be used.

The vector preferably contains one or more (several)
selectable markers that permit easy selection of transformed,
transfected, transduced, or the like cells. A selectable marker
is a gene the product of which provides for biocide or viral
resistance, resistance to heavy metals, prototrophy to aux-
otrophs, and the like.

Examples of bacterial selectable markers are the dal genes
from Bacillus subtilis or Bacillus licheniformis, or markers
that confer antibiotic resistance such as ampicillin, chloram-
phenicol, kanamycin, or tetracycline resistance. Suitable
markers for yeast host cells are ADE2, HIS3, LEU2, LYS2,
MET3, TRP1, and URA3. Selectable markers for use in a
filamentous fungal host cell include, but are not limited to,
amdS (acetamidase), argB (ornithine carbamoyltransferase),
bar (phosphinothricin acetyltransferase), hph (hygromycin
phosphotransferase), niaD (nitrate reductase), pyrG (oroti-
dine-5'-phosphate decarboxylase), sC (sulfate adenyltrans-
ferase), and trpC (anthranilate synthase), as well as equiva-
lents thereof. Preferred for use in an Aspergillus cell are the
amdS and pyrG genes of Aspergillus nidulans or Aspergillus
oryzae and the bar gene of Streptomyces hygroscopicus.

The vector preferably contains an element(s) that permits
integration of the vector into the host cell’s genome or
autonomous replication of the vector in the cell independent
of the genome.

For integration into the host cell genome, the vector may
rely on the polynucleotide’s sequence encoding the polypep-
tide or any other element of the vector for integration into the
genome by homologous or non-homologous recombination.
Alternatively, the vector may contain additional polynucle-
otides for directing integration by homologous recombina-
tion into the genome of the host cell at a precise location(s) in
the chromosome(s). To increase the likelihood of integration
at a precise location, the integrational elements should con-
tain a sufficient number of nucleic acids, such as 100 to
10,000 base pairs, 400 to 10,000 base pairs, and 800 to 10,000
base pairs, which have a high degree of sequence identity to
the corresponding target sequence to enhance the probability
of homologous recombination. The integrational elements
may be any sequence that is homologous with the target
sequence in the genome of the host cell. Furthermore, the
integrational elements may be non-encoding or encoding
polynucleotides. On the other hand, the vector may be inte-
grated into the genome of the host cell by non-homologous
recombination.

For autonomous replication, the vector may further com-
prise an origin of replication enabling the vector to replicate
autonomously in the host cell in question. The origin of rep-
lication may be any plasmid replicator mediating autono-
mous replication that functions in a cell. The term “origin of
replication” or “plasmid replicator” means a polynucleotide
that enables a plasmid or vector to replicate in vivo.

Examples of bacterial origins of replication are the origins
of replication of plasmids pBR322, pUC19, pACYC177, and
pACYC184 permitting replication in E. coli, and pUB110,
pE194, pTA1060, and pAMpP1 permitting replication in
Bacillus.

Examples of origins of replication for use in a yeast host
cell are the 2 micron origin of replication, ARS1, ARS4, the
combination of ARS1 and CEN3, and the combination of
ARS4 and CENG6.
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Examples of origins of replication useful in a filamentous
fungal cell are AMA1 and ANSI (Gems et al., 1991, Gene 98:
61-67; Cullen et al., 1987, Nucleic Acids Res. 15: 9163-9175;
WO 00/24883). Isolation of the AM A1 gene and construction
of plasmids or vectors comprising the gene can be accom-
plished according to the methods disclosed in WO 00/24883.

More than one copy of a polynucleotide may be inserted
into a host cell to increase production of a polypeptide. An
increase in the copy number of the polynucleotide can be
obtained by integrating at least one additional copy of the
sequence into the host cell genome or by including an ampli-
fiable selectable marker gene with the polynucleotide where
cells containing amplified copies of the selectable marker
gene, and thereby additional copies of the polynucleotide, can
be selected for by cultivating the cells in the presence of the
appropriate selectable agent.

The procedures used to ligate the elements described above
to construct the recombinant expression vectors are well
known to one skilled in the art (see, e.g., Sambrook et al.,
1989, supra).

Host Cells

Recombinant host cells comprising a polynucleotide
encoding a polypeptide, e.g., a GH61 polypeptide having
cellulolytic enhancing activity, a cellulolytic enzyme, a hemi-
cellulolytic enzyme, etc., can be advantageously used in the
recombinant production of the polypeptide. A construct or
vector comprising such a polynucleotide is introduced into a
host cell so that the vector is maintained as a chromosomal
integrant or as a self-replicating extra-chromosomal vector as
described earlier. The term “host cell” encompasses any prog-
eny of a parent cell that is not identical to the parent cell due
to mutations that occur during replication. The choice of a
host cell will to a large extent depend upon the gene encoding
the polypeptide and its source.

The host cell may be any cell useful in the recombinant
production of a polypeptide, e.g., a prokaryote or a eukaryote.

The prokaryotic host cell may be any gram-positive or
gram-negative bacterium. Gram-positive bacteria include,
but not limited to, Bacillus, Clostridium, Enterococcus, Geo-
bacillus, Lactobacillus, Lactococcus, Oceanobacillus, Sta-
phylococcus, Streptococcus, and Streptomyces. Gram-nega-
tive bacteria include, but not limited to, Campylobacter, E.
coli, Flavobacterium, Fusobacterium, Helicobacter, llyo-
bacter, Neisseria, Pseudomonas, Salmonella, and Urea-
plasma.

The bacterial host cell may be any Bacillus cell including,
but not limited to, Bacillus alkalophilus, Bacillus amylolique-
faciens, Bacillus brevis, Bacillus circulans, Bacillus clausii,
Bacillus coagulans, Bacillus firmus, Bacillus lautus, Bacillus
lentus, Bacillus licheniformis, Bacillus megaterium, Bacillus
pumilus, Bacillus stearothermophilus, Bacillus subtilis, and
Bacillus thuringiensis cells.

The bacterial host cell may also be any Streptococcus cell
including, but not limited to, Streptococcus equisimilis,
Streptococcus pyogenes, Streptococcus uberis, and Strepto-
coccus equi subsp. Zooepidemicus cells.

The bacterial host cell may also be any Streptomyces cell
including, but not limited to, Streptomyces achromogenes,
Streptomyces avermitilis, Streptomyces coelicolor, Strepto-
myces griseus, and Streptomyces lividans cells.

The introduction of DNA into a Bacillus cell may, for
instance, be effected by protoplast transformation (see, e.g.,
Chang and Cohen, 1979, Mo!l. Gen. Genet. 168: 111-115), by
using competent cells (see, e.g., Young and Spizizen, 1961, J.
Bacteriol. 81: 823-829, or Dubnau and Davidoff-Abelson,
1971, J. Mol. Biol. 56: 209-221), by electroporation (see, e.g.,
Shigekawa and Dower, 1988, Biotechniques 6: 742-751), or
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by conjugation (see, e.g., Koehler and Thorne, 1987, J. Bac-
teriol. 169: 5271-5278). The introduction of DNA into an F.
coli cell may, for instance, be effected by protoplast transfor-
mation (see, e.g., Hanahan, 1983, J. Mol. Biol. 166: 557-580)
orelectroporation (see, e.g., Dower etal., 1988, Nucleic Acids
Res. 16: 6127-6145). The introduction of DNA into a Strep-
tomyces cell may, for instance, be effected by protoplast
transformation and electroporation (see, e.g., Gong et al.,
2004, Folia Microbiol. (Praha) 49: 399-405), by conjugation
(see, e.g., Mazodier et al., 1989, J. Bacteriol. 171: 3583-
3585), or by transduction (see, e.g., Burke et al., 2001, Proc.
Natl. Acad. Sci. USA 98: 6289-6294). The introduction of
DNA into a Pseudomonas cell may, for instance, be effected
by electroporation (see, e.g., Choi et al., 2006, J. Microbiol.
Methods 64: 391-397) or by conjugation (see, e.g., Pinedo
and Smets, 2005, Appl. Environ. Microbiol. 71: 51-57). The
introduction of DNA into a Streptococcus cell may, for
instance, be effected by natural competence (see, e.g., Perry
and Kuramitsu, 1981, Infect. Immun. 32: 1295-1297), by
protoplast transformation (see, e.g., Catt and Jollick, 1991,
Microbios 68: 189-207), by electroporation (see, e.g., Buck-
ley et al., 1999, Appl. Environ. Microbiol. 65: 3800-3804) or
by conjugation (see, e.g., Clewell, 1981, Microbiol. Rev. 45:
409-436). However, any method known in the art for intro-
ducing DNA into a host cell can be used.

The host cell may also be a eukaryote, such as a mamma-
lian, insect, plant, or fungal cell.

The host cell may be a fungal cell. “Fungi” as used herein
includes the phyla Ascomycota, Basidiomycota, Chytridi-
omycota, and Zygomycota (as defined by Hawksworth et al.,
In, Ainsworth and Bisby'’s Dictionary of The Fungi, 8th edi-
tion, 1995, CAB International, University Press, Cambridge,
UK) as well as the Oomycota (as cited in Hawksworth et al.,
1995, supra, page 171) and all mitosporic fungi (Hawksworth
etal., 1995, supra).

The fungal host cell may be a yeast cell. “Yeast” as used
herein includes ascosporogenous yeast (Endomycetales),
basidiosporogenous yeast, and yeast belonging to the Fungi
Imperfecti (Blastomycetes). Since the classification of yeast
may change in the future, for the purposes of this invention,
yeast shall be defined as described in Biology and Activities of
Yeast (Skinner, F. A., Passmore, S. M., and Davenport, R. R.,
eds, Soc. App. Bacteriol. Symposium Series No. 9, 1980).

The yeast host cell may be a Candida, Hansenula,
Kluyveromyces, Pichia, Saccharomyces, Schizosaccharomy-
ces, or Yarrowia cell such as a Kluyveromyces lactis, Saccha-
romyces carlsbergensis, Saccharomyces cerevisiae, Saccha-
romyces diastaticus, Saccharomyces douglasii,
Saccharomyces kluyveri, Saccharomyces norbensis, Saccha-
romyces oviformis, or Yarrowia lipolytica cell.

The fungal host cell may be a filamentous fungal cell.
“Filamentous fungi” include all filamentous forms of the
subdivision Eumycota and Oomycota (as defined by Hawk-
sworth et al., 1995, supra). The filamentous fungi are gener-
ally characterized by a mycelial wall composed of chitin,
cellulose, glucan, chitosan, mannan, and other complex
polysaccharides. Vegetative growth is by hyphal elongation
and carbon catabolism is obligately aerobic. In contrast, veg-
etative growth by yeasts such as Saccharomyces cerevisiae is
by budding of a unicellular thallus and carbon catabolism
may be fermentative.

The filamentous fungal host cell may be an Acremonium,
Aspergillus, Aureobasidium, Bjerkandera, Ceriporiopsis,
Chrysosporium, Coprinus, Coriolus, Cryptococcus, Filiba-
sidium, Fusarium, Humicola, Magnaporthe, Mucor, Myce-
liophthora, Neocallimastix, Neurospora, Paecilomyces,
Penicillium, Phanerochaete, Phlebia, Piromyces, Pleurotus,
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Schizophyllum, Talaromyces, Thermoascus, Thielavia, Toly-
pocladium, Trametes, or Trichoderma cell.

For example, the filamentous fungal host cell may be an
Aspergillus awamori, Aspergillus foetidus, Aspergillus fumi-
gatus, Aspergillus japonicus, Aspergillus nidulans, Aspergil-
lus niger, Aspergillus oryzae, Bjerkandera adusta, Ceripori-
opsis aneirina, Ceriporiopsis caregiea, Ceriporiopsis
gilvescens, Ceriporiopsis pannocinta, Ceriporiopsis rivu-
losa, Ceriporiopsis subrufa, Ceriporiopsis subvermispora,
Chrysosporium inops, Chrysosporium  keratinophilum,
Chrysosporium lucknowense, Chrysosporium merdarium,
Chrysosporium pannicola, Chrysosporium queenslandicum,
Chrysosporium tropicum, Chrysosporium zonatum, Copri-
nus cinereus, Coriolus hirsutus, Fusarium bactridioides,
Fusarium cerealis, Fusarium crookwellense, Fusarium cul-
morum, Fusarvium graminearum, Fusarium graminum,
Fusarium heterosporum, Fusarium negundi, Fusarium
oxysporum, Fusarium reticulatum, Fusarium roseum,
Fusarium sambucinum, Fusarium sarcochroum, Fusarium
sporotrichioides, Fusarium sulphureum, Fusarium torulo-
sum, Fusarium trichothecioides, Fusarium venenatum,
Humicola insolens, Humicola lanuginosa, Mucor mieheli,
Myceliophthora thermophila, Neurospora crassa, Penicil-
lium purpurogenum, Phanerochaete chrysosporium, Phlebia
radiata, Pleurotus eryngii, Thielavia terrestris, Trametes vil-
losa, Trametes versicolor, Trichoderma harzianum, Tricho-
derma koningii, Trichoderma longibrachiatum, Trichoderma
reesel, or Trichoderma viride cell.

Fungal cells may be transformed by a process involving
protoplast formation, transformation of the protoplasts, and
regeneration of the cell wall in a manner known per se. Suit-
able procedures for transformation of Aspergillus and Tricho-
derma host cells are described in EP 238023, Yelton et al.,
1984, Proc. Natl. Acad. Sci. USA 81: 1470-1474, and Chris-
tensen et al., 1988, Bio/Technology 6: 1419-1422. Suitable
methods for transforming Fusarium species are described by
Malardier et al., 1989, Gene 78: 147-156, and WO 96/00787.
Yeast may be transformed using the procedures described by
Becker and Guarente, In Abelson, J. N. and Simon, M. 1.,
editors, Guide to Yeast Genetics and Molecular Biology,
Methods in Enzymology, Volume 194, pp 182-187, Academic
Press, Inc., New York; Ito et al., 1983, J. Bacteriol. 153: 163,
and Hinnen et al., 1978, Proc. Natl. Acad. Sci. USA 75: 1920.
Methods of Production

Methods for producing a polypeptide, e.g., a GH61
polypeptide having cellulolytic enhancing activity, a cellu-
lolytic enzyme, a hemicellulolytic enzyme, etc., comprise (a)
cultivating a cell, which in its wild-type form is capable of
producing the polypeptide, under conditions conducive for
production of the polypeptide; and (b) recovering the
polypeptide. In one aspect, the cell is of the genus Aspergillus.
In another aspect, the cell is Aspergillus fumigatus.

Alternatively, methods for producing a polypeptide, e.g., a
GH61 polypeptide having cellulolytic enhancing activity, a
cellulolytic enzyme, a hemicellulolytic enzyme, etc., com-
prise (a) cultivating a recombinant host cell under conditions
conducive for production of the polypeptide; and (b) recov-
ering the polypeptide.

In the production methods, the cells are cultivated in a
nutrient medium suitable for production of the polypeptide
using methods well known in the art. For example, the cell
may be cultivated by shake flask cultivation, and small-scale
or large-scale fermentation (including continuous, batch, fed-
batch, or solid state fermentations) in laboratory or industrial
fermentors performed in a suitable medium and under con-
ditions allowing the polypeptide to be expressed and/or iso-
lated. The cultivation takes place in a suitable nutrient
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medium comprising carbon and nitrogen sources and inor-
ganic salts, using procedures known in the art. Suitable media
are available from commercial suppliers or may be prepared
according to published compositions (e.g., in catalogues of
the American Type Culture Collection). If the polypeptide is
secreted into the nutrient medium, the polypeptide can be
recovered directly from the medium. If the polypeptide is not
secreted, it can be recovered from cell lysates.

The polypeptide may be detected using methods known in
the art that are specific for the polypeptides. These detection
methods may include use of specific antibodies, formation of
an enzyme product, or disappearance of an enzyme substrate.
For example, an enzyme assay may be used to determine the
activity of the polypeptide. The polypeptides having cellu-
lolytic enhancing activity are detected using the methods
described herein.

The resulting broth may be used as is or the polypeptide
may be recovered using methods known in the art. For
example, the polypeptide may be recovered from the nutrient
medium by conventional procedures including, but not lim-
ited to, centrifugation, filtration, extraction, spray-drying,
evaporation, or precipitation.

The polypeptides may be purified by a variety of proce-
dures known in the art including, but not limited to, chroma-
tography (e.g., ion exchange, affinity, hydrophobic, chro-
matofocusing, and size exclusion), electrophoretic
procedures (e.g., preparative isoelectric focusing), differen-
tial solubility (e.g., ammonium sulfate precipitation), SDS-
PAGE, or extraction (see, e.g., Protein Purification, J.-C.
Janson and Lars Ryden, editors, VCH Publishers, New York,
1989) to obtain substantially pure polypeptides.

In an alternative aspect, the polypeptide is not recovered,
but rather a host cell expressing a polypeptide is used as a
source of the polypeptide.

The present invention is further described by the following
examples that should not be construed as limiting the scope of
the invention.

EXAMPLES
Example 1

Preparation of Trichoderma reesei RutC30 GH3
Beta-Xylosidase

A Trichoderma reesei RutC30 beta-xylosidase gene (SEQ
ID NO: 131 [DNA sequence] and SEQ ID NO: 132 [deduced
amino acid sequence]) was isolated by screening a Lambda
ZAP®-CMR XR Library prepared from 7. reesei RutC30
genomic DNA using a Lambda ZAP®-CMR XR Library
Construction Kit (Stratagene, La Jolla, Calif., USA) accord-
ing to the manufacturer’s instructions. 7. reesei RutC30
genomic DNA was prepared using standard methods. A DNA
segment encoding 2300 bp of the 7. reesei beta-xylosidase
was amplified using the PCR primers shown below.

Forward Primer:

(SEQ ID NO: 135)
5'-GTGAATAACGCAGCTCTTCTCG-3"'
Reverse Primer:

(SEQ ID NO: 136)

5'-CCTTAATTAATTATGCGTCAGGTGT-3"'

The forward primer was designed to amplify from the first
base after the beta-xylosidase start site and reverse primer
was designed with a Pac I site at the 5' end.
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Fifty picomoles of each of the primers above were used in
a PCR reaction consisting of 50 ng of plasmid DNA from the
lamda zap library, 1 pl. of 10 mM blend of dATP, dTTP,
dGTP, and dCTP, 5 pLL of 10x PLATINUM® Pfx DNA Poly-
merase Buffer, and 1 unit of PLATINUM® Pfx DNA Poly-
merase, in a final volume of 50 ul.. An EPPENDORF® MAS-
TERCYCLER® 5333 was used to amplify the DNA
fragment programmed for one cycle at 95° C. for 3 minutes;
and 30 cycles each at 94° C. for 45 seconds, 55° C. for 60
seconds, and 72° C. for 1 minute 30 seconds. After the 30
cycles, the reaction was incubated at 72° C. for 10 minutes
and then cooled to 4° C. until further processing.

A 2.3 kb PCR product was purified by 1% agarose gel
electrophoresis using TAE buffer, excised from the gel, and
purified using a QIAQUICK® Gel Extraction Kit. The 2.3 kb
PCR product was then digested with Pac I to facilitate inser-
tion into pAILo1 (WO 2004/099228).

The pAlLo1 vector was digested with Nco [ and then filled
in using T4 polymerase (Roche, Nutley, N.J., USA) accord-
ing to manufacturer’s instructions. A second enzyme, Pac I,
was then used to digest the 5' end of pAILLo1 and the reaction
was purified by agarose gel electrophoresis as described
above to isolate a 6.9 kb vector fragment.

The 2.3 kb beta-xylosidase fragment was then ligated into
the 6.9 kb vector fragment and transformed into F. coli XL1-
Blue Subcloning Competent Cells (Invitrogen, Carlsbad,
Calif., USA) according to manufacturer’s instructions. Trans-
formants were screened using restriction digest analysis in
order to identify those with the correct insert. A new expres-
sion vector, pSaMe04, was confirmed by sequencing using an
ABI3700 (Applied Biosystems, Foster City, Calif.) and dye
terminator chemistry (Giesecke et al., 1992, Journal of Virol-
ogy Methods 38: 47-60).

Two synthetic oligonucleotide primers shown below were
designed to PCR amplify the Trichoderma reesei beta-xylosi-
dase gene from pSaMe04 to construct a Trichoderma expres-
sion vector. An IN-FUSION™ Cloning Kit was used to clone
the fragment directly into the expression vector pMI09 (WO
2005/056772), without the need for restriction digestion and
ligation.

TrBXYL-F (ID 064491) :

(SEQ ID NO: 137)
5'-CGGACTGCGCACCATGGTGAATAACGCAGCTCT-3 "'
TrBXYL-R (ID 064492) :

(SEQ ID NO: 138)

5'-TCGCCACGGAGCTTATTATGCGTCAGGTGTAGCAT -3

Bold letters represent coding sequence. The remaining
sequence is homologous to the insertion sites of pMJ09.

Fifty picomoles of each of the primers above were used in
a PCR reaction composed of 50 ng of pSaMe04, 1 uL. of 10
mM blend of dATP, dTTP, dGTP, and dCTP, 5 ulL of 10x
ACCUTAQ™ DNA Polymerase Buffer (Sigma-Aldrich, St.
Louis, Mo., USA), and 5 units of ACCUTAQ™ DNA Poly-
merase (Sigma-Aldrich, St. Louis, Mo., USA), in a final
volume of 50 pl.. An EPPENDORF® MASTERCYCLER®
5333 was used to amplify the DNA fragment programmed for
one cycleat 95° C. for 3 minutes; and 30 cycles each at 94° C.
for 45 seconds, 55° C. for 60 seconds, and 72° C. for 1 minute
30 seconds. After the 30 cycles, the reaction was incubated at
72° C. for 10 minutes and then cooled to 4° C. until further
processing.

The reaction products were isolated by 1.0% agarose gel
electrophoresis using TAE buffer where a 1.2 kb product band

10

15

20

25

30

35

40

45

50

55

60

65

42

was excised from the gel and purified using a QTAQUICK®
Gel Extraction Kit according to the manufacturer’s instruc-
tions.

The 1.2 kb fragment was then cloned into pMJ09 using an
IN-FUSION™ Cloning Kit. The vector was digested with
Nco I and Pac I and purified by agarose gel electrophoresis as
described above. The gene fragment and the digested vector
were ligated together in a reaction resulting in the expression
plasmid pSaMe-TrBXYL in which transcription of the beta-
xylosidase gene was under the control of the 7. reesei cbhl
gene promoter. The ligation reaction (50 pulL) was composed
of 1x IN-FUSION™ Buffer, 1xBSA, 1 pLL of IN-FUSION™
enzyme (diluted 1:10), 100 ng of pMJ09 digested with Nco I
and Pac I, and 100 ng of the Trichoderma reesei beta-xylosi-
dase purified PCR product. The reaction was incubated at
room temperature for 30 minutes. One microliter of the reac-
tion was used to transform £. coli XL10 SOLOPACK® Gold
cells. An E. coli transformant containing pSaMe-TrBXYL
was detected by restriction enzyme digestion and plasmid
DNA was prepared using a BIOROBOT® 9600. DNA
sequencing of the Trichoderma reesei beta-xylosidase gene
from pSaMe-TrBXYL was performed using dye-terminator
chemistry (Giesecke et al., 1992, supra) and primer walking
strategy.

Plasmid pSaMe-AaXYL was constructed to comprise the
Trichoderma reesei cellobiohydrolase I gene promoter and
terminator and the Aspergillus aculeatus GH10 xylanase cod-
ing sequence.

Cloning of the Aspergillus aculeatus xylanase followed the
overall expression cloning protocol as outlined in Dalbege et
al., 1994, Mol. Gen. Genet. 243: 253-260.

RNA was isolated from Aspergillus aculeatus CBS 101.43
mycelium. Poly(A)* RNA was isolated from total RNA by
chromatography on oligo(dT)-cellulose. Double-stranded
c¢DNA was synthesized as described by Maniatis et al. (Mo-
lecular cloning: a laboratory manual. Cold Spring Harbor
Laboratory Press, 1982). After synthesis the cDNA was
treated with mung bean nuclease, blunt-ended with T4 DNA
polymerase, and ligated to non-palindromic Bst X1 adaptors
(Invitrogen, Carlsbad, Calif., USA). The cDNA was size frac-
tionated by 1% agarose gel electrophoresis using TAE buffer
where fragments ranging from 600 bp to 4000 bp were used in
the library construction. The DNA was ligated into Bst XI-
digested pYES 2.0 between the GAL1 promoter and the
iso-1-cytochrome ¢ terminator and transformed into Escheri-
chia coli MC1061 cells (Stratagene, La Jolla, Calif., USA.
The library was plated onto LB plates and incubated over-
night at 37° C. The colonies were scraped from the plates and
resuspended in LB medium supplemented with 100 pg of
ampicillin per milliliter. Plasmid DNA was isolated using a
Plasmid Midi Kit (QIAGEN Inc., Valenicia, Calif., USA).
The purified plasmid DNA was pooled.

The purified plasmid DNA mixture was transformed into
Saccharomyces cerevisiae W3124 cells (MATa; ura 3-52; leu
2-3, 112; his 3-D200; pep 4-1137; prel::HIS3; prbl:: LEU2;
cir+; van den Hazel et al., 1992, Eur. J. Biochem. 207: 277-
283). Cultivation, transformation and media were as
described by Guthrie et al., 1991, Meth. Enzymol. Vol 194,
Academic Press. The transformed cells were plated onto syn-
thetic compete agar containing 2% glucose for 3 days at 30°
C. After three days the colonies were replica plated to SC
medium with 2% galactose and incubated for four days at 30°
C. Xylanase expressing colonies were identified by 1% aga-
rose overlay with 0.1% AZCL-Birch-Xylan at pH 4.5 (Dal-
bage, 2006, FEMS Microbiology Reviews 21: 29-42). Colo-
nies expressing xylanase activity were surrounded by a blue
zone. Plasmid DNA, rescued from the positive colonies, con-
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tained a DNA insert of approximately 1.3 kb. Sequencing of
the isolated gene fragment revealed a 1218 bp open reading
frame encoding a polypeptide with a theoretical molecular
weight of 43.0 kDa. The cDNA fragment was subcloned into
the Aspergillus expression vector pHD464 (Dalbege and
Heldt-Hansen, 1994, Mol. Gen. Genet. 243, 253-260)
digested with Bam HI and Xho I by cutting the clone with
Bam HI and Xho I and isolating the 1.2 kb ¢cDNA insert
(Christgau et al., 1996, Biochem. J. 319: 705-712) to generate
plasmid pA2x2.

The Aspergillus aculeatus GH10 xylanase coding
sequence was PCR amplified using plasmid pA2x2 as tem-
plate and primers 153505 and 153506 shown below using
standard methods to yield an approximately 1.2 kb fragment.
The 1.2 kb fragment was digested with Bam HI and Xho I
(introduced in the PCR primers) and cloned into vector
pCaHj527 (WO 2004/099228). The resulting plasmid was
designated pMT2155 in which the cDNA was under tran-
scriptional control of the neutral amylase II (NA2) promoter
from A. niger and the AMG terminator from A. niger.

Primer 153505:

(SEQ ID NO: 139)
5'-TCTTGGATCCACCATGGTCGGACTGCTTTCAATCACC-3"!
Primer 153506:

(SEQ ID NO: 140)

5'-TTAACTCGAGTCACAGACACTGCGAGTAATAGTC-3"

Two synthetic oligonucleotide primers shown below were
designed to PCR amplify the Aspergillus aculeatus GH10
gene from plasmid pMT2155 and introduce flanking regions
for insertion into expression vector pMJ09 (WO 2005/
056772). Bold letters represent coding sequence and the
remaining sequence is homologous to the insertion sites of
pMJ09.

Forward Primer:

(SEQ ID NO: 141)
5'-CGGACTGCGCACCATGGTCGGACTGCTTTCAAT-3'
Reverse Primer:

(SEQ ID NO: 142)

5'-TCGCCACGGAGCTTATCACAGACACTGCGAGTAAT -3

Fifty picomoles of each of the primers above were used in
a PCR reaction consisting of 50 ng of pMT2155, 1 ulL of 10
mM blend of dATP, dTTP, dGTP, and dCTP, 5 ulL of 10x
ACCUTAQ™ DNA Polymerase Buffer, and 5 units of
ACCUTAQ™ DNA Polymerase, in a final volume of 50 pL.
An EPPENDORF® MASTERCYCLER® 5333 was used to
amplify the DNA fragment programmed for one cycle at 95°
C. for 3 minutes; and 30 cycles each at 94° C. for 45 seconds,
55° C. for 60 seconds, and 72° C. for 1 minute 30 seconds.
Afterthe 30 cycles, the reaction was incubated at 72° C. for 10
minutes and then cooled to 4° C. until further processing.

The reaction products were isolated on a 1.0% agarose gel
using TAE buffer where a 1.2 kb product band was excised
from the gel and purified using a QI Aquick Gel Extraction Kit
according to the manufacturer’s instructions.

The fragment was then cloned into pMJ09 using an IN-
FUSION™ Cloning Kit. The vector was digested with Nco |
and Pac I and purified by agarose gel electrophoresis as
described above. The 1.2 kb gene fragment and the digested
vector were ligated together in a reaction resulting in the
expression plasmid pSaMe-AaXYL in which transcription of
the Family GH10 gene was under the control of the 7. reesei
cbhl promoter. The ligation reaction (50 uL) was composed
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of 1x IN-FUSION™ Buffer, 1xBSA, 1 uL. of IN-FUSION™
enzyme (diluted 1:10), 100 ng of pAILo2 digested with Nco
I and Pac 1, and 100 ng of the Aspergillus aculeatus GH10
xylanase purified PCR product. The reaction was incubated at
room temperature for 30 minutes. One microliter of the reac-
tion was used to transform £. coli XL10 SOLOPACK® Gold
cells according to the manufacturer. An E. coli transformant
containing pSaMe-AaGH10 was detected by restriction
enzyme digestion and plasmid DNA was prepared using a
BIOROBOT® 9600. DNA sequencing of the Aspergillus
aculeatus GH10 gene from pSaMe-AaXYL. was performed
using dye-terminator chemistry (Giesecke et al., 1992, supra)
and primer walking strategy.

Plasmids pSaMe-AaXYL encoding the Aspergillus
aculeatus GH10 endoglucanase and pSaMe-TrBXYL encod-
ing the Trichoderma reesei beta-xylosidase were co-trans-
formed into Trichoderma reesei RutC30 by PEG-mediated
transformation (Penttila et al., 1987, Gene 61 155-164) to
generate 7. reesei strain SaMe-BXX13. Each plasmid con-
tained the Aspergillus nidulans amdS gene to enable trans-
formants to grow on acetamide as the sole nitrogen source.

Trichoderma reesei RutC30 was cultivated at 27° C. and 90
rpm in 25 mL of YP medium supplemented with 2% (w/v)
glucose and 10 mM uridine for 17 hours. Mycelia were col-
lected by filtration using a Vacuum Driven Disposable Filtra-
tion System (Millipore, Bedford, Mass., USA) and washed
twice with deionized water and twice with 1.2 M sorbitol.
Protoplasts were generated by suspending the washed myce-
lia in 20 mL of 1.2 M sorbitol containing 15 mg of GLU-
CANEX™ (Novozymes A/S, Bagsvaerd, Denmark) per mil-
liliter and 0.36 units of chitinase (Sigma Chemical Co., St.
Louis, Mo., USA) per milliliter and incubating for 15-25
minutes at 34° C. with gentle shaking at 90 rpm. Protoplasts
were collected by centrifuging for 7 minutes at 400xg and
washed twice with cold 1.2 M sorbitol. The protoplasts were
counted using a haemacytometer and re-suspended in STC to
a final concentration of 1x10® protoplasts per milliliter.
Excess protoplasts were stored in a Cryo 1° C. Freezing
Container (Nalgene, Rochester, N.Y., USA) at -80° C.

Approximately 4 ng of plasmids pSaMe-AaXYL and
pSaMe-TRBXYTL were digested with Pme I and added to 100
uL of protoplast solution and mixed gently, followed by 250
pL of 10 mM CaCl,-10 mM Tris-HCI pH 7.5-60% PEG
4000, mixed, and incubated at room temperature for 30 min-
utes. STC (3 mL) was then added and mixed and the trans-
formation solution was plated onto COVE plates using
Aspergillus nidulans amdS selection. The plates were incu-
bated at 28° C. for 5-7 days. Transformants were sub-cultured
onto COVE2 plates and grown at 28° C.

Over 40 transformants were subcultured onto fresh plates
containing acetamide and allowed to sporulate for 7 days at
28° C.

The Trichoderma reesei transformants were cultivated in
125 mL baffled shake flasks containing 25 mL of cellulase-
inducing medium at pH 6.0 by inoculating spores of the
transformants and incubating at 28° C. and 200 rpm for 7
days. Trichoderma reesei RutC30 was run as a control. Cul-
ture broth samples were removed at day 5. One milliliter of
each culture broth was centrifuged at 15,700xg for 5 minutes
in a micro-centrifuge and the supernatants transferred to new
tubes.

SDS-PAGE was performed using CRITERION® Tris-HCl
(5% resolving) gels (Bio-Rad Laboratories, Inc.) with a CRI-
TERION® System. Five microliters of day 7 supernatants
(see above) were suspended in 2x concentration of Laemmli
Sample Buffer (Bio-Rad Laboratories, Inc., Hercules, Calif.,
USA) and boiled in the presence of 5% beta-mercaptoethanol
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for 3 minutes. The supernatant samples were loaded onto a
polyacrylamide gel and subjected to electrophoresis with 1x
Tris/Glycine/SDS as running buffer (Bio-Rad Laboratories,
Inc., Hercules, Calif., USA). The resulting gel was stained
with BIO-SAFE™ Coomassie Stain. The transformant show-
ing the highest expression of both the 4. aculeatus GH10
xylanase and the 7. reesei beta-xylosidase based on the pro-
tein gel was designated 7. reesei SaMe-BXX13.

Trichoderma reesei SaMe-BXX13 was cultivated in 500
ml, baffled shake flasks containing 250 mL of cellulase-
inducing medium at pH 6.0 inoculated with spores of 7. reesei
SaMe-BXX13. Shake flasks were incubated at 28° C. at 200
rpm for five days. The culture broth was then filtered using an
EXPRESS™ Plus Membrane (0.22 um).

The filtered broth was concentrated and buffer exchanged
using a tangential flow concentrator equipped with a 10 kDa
polyethersulfone membrane to pH 4.0 with acetic acid.
Sample was loaded onto a SP SEPHAROSE® column equili-
brated in 50 mM sodium acetate pH 4.0, eluting bound pro-
teins with a gradient of 0-1000 mM sodium chloride. Frac-
tions were buffer exchanged into 20 mM sodium phosphate
pH 7.0 using a tangential flow concentrator and applied to a
Phenyl SUPEROSE™ column (HR 16/10) equilibrated with
1.5 M (NH,),S0,-20 mM sodium phosphate pH 7.0. Bound
proteins were eluted with a linear gradient over 20 column
volumes from 1.5 to 0 M (NH,,),SO,, in 20 mM Tris-HCI1 pH
7.0. The protein fractions were bufter exchanged into 20 mM
TEA HClpH 7.5 using a tangential flow concentrator. Sample
was applied to a MonoQ® column, equilibrated in 20 mM
TEA HClpH 7.5, eluting bound proteins with a gradient from
0-300 mM sodium chloride. Buffer of final protein fractions
was 20 mM TEA-100 mM sodium chloride pH 7.5. Protein
concentration was determined using a Microplate BCA™
Protein Assay Kit in which bovine serum albumin was used as
a protein standard.

Example 2

Preparation of Aspergillus fumigatus Strain
NNO051616 GH3 Beta-Xylosidase QOH905

The Aspergillus fumigatus strain NN051616 GH3 beta-
xylosidase (SEQ ID NO: 133 [DNA sequence] and SEQ ID
NO: 134 [deduced amino acid sequence]) was recombinantly
prepared according to the following procedure.

Two synthetic oligonucleotide primers shown below were
designed to PCR amplify the Aspergillus fumigatus beta
xylosidase gene from the genomic DNA. An InFusion Clon-
ing Kit (Clontech, Mountain View, Calif.) was used to clone
the fragment directly into the expression vector, pAlLo2 (WO
2005/074647), without the need for restriction digests and
ligation.

Forward primer:

(SEQ ID NO: 143)
5'-ACTGGATTTACCATGGCGGTTGCCAAATCTATTGCT-3"'
Reverse primer:

(SEQ ID NO: 144)

5'-TCACCTCTAGTTAATTAATCACGCAGACGAAATCTGCT-3'

Bold letters represent coding sequence. The remaining
sequence is homologous to the insertion sites of pAILo2.
Fifteen picomoles of each of the primers above were used
in a PCR reaction containing 250 ng of Aspergillus fumigatus
genomic DNA, 1x Expand High Fidelity Buffer with MgCl,
(Roche Applied Science, Indianapolis, Ind.), 1 pL. of 10 mM
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blend of dATP, dTTP, dGTP, and dCTP, 0.75 units of Expand
High fidelity Enzyme Mix (Roche Applied Science, India-
napolis, Ind.), in a final volume of 50 pl.. The amplification
conditions were one cycle at 94° C. for 2 minutes; 10 cycles
each at 94° C. for 15 seconds, 56.5° C. for 30 seconds, and 72°
C. for 2 minutes; and 20 cycles each at 94° C. for 15 seconds,
56.5° C. for 30 seconds, and 72° C. for 2 minutes plus 5
seconds per successive cycle. The heat block was then held at
72° C. for 7 minutes followed by a 4° C. soak cycle.

The reaction products were isolated on a 1.0% agarose gel
using TAE buffer and a 2.4 kb product band was excised from
the gel and purified using a MinElute® Gel Extraction Kit
(QIAGEN Inc., Valencia, Calif.) according to the manufac-
turer’s instructions.

The fragment was then cloned into pAILo2 using an InFu-
sion Cloning Kit. The vector was digested with Nco I and Pac
1 (using conditions specified by the manufacturer). The frag-
ment was purified by gel electrophoresis and QIAquick kit
(QIAGEN Inc., Valencia, Calif.) gel purification. The gene
fragment and the digested vector were combined together in
a reaction resulting in the expression plasmid pAG57, in
which transcription of the Aspergillus fumigatus beta-xylosi-
dase gene was under the control of the NA2-tpi promoter (a
hybrid of the promoters from the genes for Aspergillus niger
neutral alpha-amylase and Aspergillus oryzae triose phos-
phate isomerase). The recombination reaction (20 pl) was
composed of 1x InFusion Buffer (Clontech, Mountain View,
Calif.), 1xBSA (Clontech, Mountain View, Calif.), 1 uL. of
InFusion enzyme (diluted 1:10) (Clontech, Mountain View,
Calif.), 182 ng of pAllLo2 digested with Nco [ and Pac I, and
97.7 ng of the Aspergillus fumigatus beta-xylosidase purified
PCR product. The reaction was incubated at 37° C. for 15
minutes followed by 15 minutes at 50° C. The reaction was
diluted with 40 pl. of TE buffer and 2.5 plL of the diluted
reaction was used to transform E. coli Top10 Competent cells.
AnE. colitransformant containing pAGS7 (Aspergillus fumi-
gatus beta-xylosidase gene) was identified by restriction
enzyme digestion and plasmid DNA was prepared using a
BIOROBOT® 9600. The pAGS57 plasmid construct was
sequenced using an Applied Biosystems 3130x1 Genetic Ana-
lyzer (Applied Biosystems, Foster City, Calif., USA) to verify
the sequence.

Aspergillus oryzae Jal.355 protoplasts were prepared
according to the method of Christensen et al., 1988, Bio/
Technology 6: 1419-1422 and transformed with 5 pg of
pAG57. Twenty-four transformants were isolated to indi-
vidual PDA plates.

Plugs taken from the original transformation plate of each
of'the twenty-four transformants were added to 1 mIL ofM410
separately in 24 well plates, which were incubated at 34° C.
After three days of incubation, 7.5 pl. of supernatant from
each culture was analyzed using Criterion stain-free, 8-16%
gradient SDS-PAGE, (BioRad, Hercules, Calif.) according to
the manufacturer’s instructions. SDS-PAGE profiles of the
cultures showed that several transformants had a new major
band of approximately 130 kDa.

Confluent PDA plate of the highest expressing transfor-
mant was washed with 5 mL. of 0.01% TWEEN® 20 and
inoculated into a 500 mL. Erlenmeyer flask containing 100
mL of M410 medium. Inoculated flask was incubated with
shaking for 3 days at 34° C. The broth was filtered through a
0.22 um stericup suction filter (Millipore, Bedford, Mass.).

Filtered broth was concentrated and buffer exchanged
using a tangential flow concentrator (Pall Filtron, Northbor-
ough, Mass., USA) equipped with a 10 kDa polyethersulfone
membrane (Pall Filtron, Northborough, Mass., USA) with 50
mM sodium acetate pH 5.0. Protein concentration was deter-
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mined using a Microplate BCA™ Protein Assay Kit in which
bovine serum albumin was used as a protein standard.

Example 3

Enzymatic Hydrolysis with Cellulolytic Enzymes
and Beta-Xylosidase

Liquor from pretreated biomass was obtained from Green-
field Ethanol, Inc. (see U.S. Patent Application Publication
No. US 2010/0263814) and prepared by pressing corn cobs
containing about 40% total solids (TS) following pretreat-
ment by steam explosion. The resulting liquor containing
primarily hemicellulosic material (about 88% of all solubi-
lised sugars) was diluted to 73% of the original strength (i.e.,
after 27% dilution) and subjected to enzymatic hydrolysis at
a 20 g scale (pH 5.0, 50° C., 3 days) using: (a) an enzyme
composition of Trichoderma reesei cellulases, Thermoascus
aurantiacus GH61 polypeptide having cellulolytic enhancing
activity (WO 2005/074656), Aspergillus fumigatus beta-glu-
cosidase fusion protein (WO 2008/057637), and Aspergillus
aculeatus xylanase (WO 94/21785) at a dosage of 1.6 mg
protein/mL. of original liquor; (b) the enzyme composition of
(a) at 1.6 mg protein/ml. along with Trichoderma reesei beta-
xylosidase at 0.08 mg/mL of original liquor; (¢) the enzyme
composition of (a) at 1.6 mg protein/mL along with Tricko-
derma reesei beta-xylosidase at 0.44 mg/ml. of original
liquor; (d) Trichoderma reesei beta-xylosidase at 0.08
mg/mL of original liquor; and (e) Trichoderma reesei beta-
xylosidase at 0.44 mg/mL of original liquor. Following enzy-
matic hydrolysis, the samples were diluted in 0.005 M H,SO,,
and the sugar concentrations measured using a 4.6x250 mm
AMINEX® HPX-87H column (Bio-Rad Laboratories, Inc.,
Hercules, Calif., USA) by elution with 0.005 M H,SO, (65°
C.; flow rate of 0.6 mL./minute), and quantitated by integra-
tion of the glucose, cellobiose, and xylose signals from
refractive index detection (CHEMSTATION®, AGILENT®
1100 HPLC, Agilent Technologies, Santa Clara, Calif.,
USA).

As shown in FIG. 1, compared to a control with no
enzymes, addition of either beta-xylosidase alone (d and e) or
the enzyme composition containing cellulases without beta-
xylosidase (a) were able to boosts xylan oligomer conversion
to xylose. However, the combination of the enzyme compo-
sition containing cellulases together with beta-xylosidase (b
and ¢) showed significant increase in xylose production when
compared to either the enzyme composition containing cel-
Iulases or the beta-xylosidase acting alone. Further, the com-
bination of the enzyme composition containing cellulases
together with beta-xylosidase was able to convert nearly all
xylan oligomers of the pretreated biomass liquor into xylose
(releasing a maximum possible xylose of 72 g/L. as measured
by standard NREL compositional analysis protocol (Sluiter,
et al., 2008, Determination of Sugars, Byproducts, and Deg-
radation Products in Liquid Fraction Process Samples: Labo-
ratory Analytical Procedure (LAP). 14 pp.; NREL Report No.
TP-510-42623).

Example 4

Enzymatic Hydrolysis with Cellulolytic Enzymes
and Varying Dosage of Beta-Xylosidase

Liquor from pretreated biomass was obtained from Green-
field Ethanol and prepared as described in Example 3. The
resulting liquor containing primarily hemicellulosic material
(about 88% of all solubilised sugars) was diluted to 73% of
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the original strength (i.e., after 27% dilution) and subjected to
enzymatic hydrolysis at a 20 g scale (pH 5.0, 50° C., 3 days)
using: (a) an enzyme composition of Trichoderma reesei
cellulases, Thermoascus aurantiacus GH61 polypeptide hav-
ing cellulolytic enhancing activity, Aspergillus fumigatus
beta-glucosidase fusion protein, and Aspergillus aculeatus
xylanase at a dosage of 0.8 mg protein/mL of original liquor;
(b) the enzyme composition of (a) at 0.8 mg protein/ml along
with Trichoderma reesei beta-xylosidase at 0.008 mg/mL of
original liquor; (¢) the enzyme composition of (a) at 0.8 mg
protein/ml. along with Trichoderma reesei beta-xylosidase at
0.044 mg/mL of original liquor; (d) the enzyme composition
of (a) at 0.8 mg protein/ml. along with Trichoderma reesei
beta-xylosidase at 0.088 mg/ml. of original liquor; (e) the
enzyme composition of (a) at 0.8 mg protein/mL along with
Trichoderma reesei beta-xylosidase at 0.044 mg/mlL. of origi-
nal liquor; and (f) the enzyme composition of (a) at 0.8 mg
protein/ml. along with Trichoderma reesei beta-xylosidase at
0.088 mg/ml, of original liquor. Following enzymatic
hydrolysis, the samples were diluted in 0.005 M H,SO, and
the sugar concentrations measured using a 4.6x250 mm
AMINEX® HPX-87H column as described in Example 3.

As shown in FIG. 2, the use of an enzyme composition
containing cellulases together with minimal amounts of beta-
xylosidase (b-f) greatly enhanced xylan oligomer hydrolysis
to xylose. Further, the combination of the enzyme composi-
tion containing cellulases together with beta-xylosidase
could be optimized to near quantitative conversion of xylan
oligomers of the pretreated biomass liquor into xyloase at a
low-protein dose (releasing a maximum possible xylose of 72
g/, as measured by standard NREL compositional analysis
protocol).

Example 5

Enzymatic Hydrolysis with Cellulolytic Enzymes
and Different Beta-Xylosidases

Liquor from pretreated biomass was obtained from Green-
field Ethanol and prepared as described in Example 3. The
resulting liquor containing primarily hemicellulosic material
(about 88% of all solubilised sugars) was diluted to 90% of
the original strength (i.e., after 10% dilution) and subjected to
enzymatic hydrolysis at a 20 g scale (pH 5.0, 50° C., 3 days)
using: (a) an enzyme composition of Trichoderma reesei
cellulases, Thermoascus aurantiacus GH61 polypeptide hav-
ing cellulolytic enhancing activity, Aspergillus fumigatus
beta-glucosidase fusion protein, and Aspergillus aculeatus
xylanase at a dosage of 0.16 mg protein/mL. of original liquor;
(b) the enzyme composition of (a) at 0.16 mg protein/ml.
along with Trichoderma reesei beta-xylosidase at 0.088
mg/mL of original liquor; (c) the enzyme composition of (a)
at 0.16 mg protein/ml. along with Trichoderma reesei beta-
xylosidase at 0.17 mg/mL. of original liquor; and (d) the
enzyme composition of (a) at 0.16 mg protein/mL along with
Aspergillus fumigatus beta-xylosidase at 0.088 mg/mL of
original liquor. Following enzymatic hydrolysis, the samples
were diluted in 0.005 M H,SO,, and the sugar concentrations
measured using a 4.6x250 mm AMINEX® HPX-87H col-
umn as described in Example 3.

As shown in FIG. 3, the use of a minimal amount of the
enzyme composition containing cellulases together with
minimal amounts of beta-xylosidase from either 7richo-
derma reesei and Aspergillus fumigatus greatly enhances
xylan oligomer hydrolysis to xylose. In addition, the use of
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Aspergillus fumigatus beta-xylosidase produced similar
results at about half the protein dose of Trichoderma reesei
beta-xylosidase.

Example 6

Enzymatic Hydrolysis at Constant Protein Loading
with Varying Doses of Cellulolytic Enzymes and
Beta-Xylosidases

Liquor from pretreated biomass was obtained from Green-
field Ethanol and prepared as described in Example 3. The
resulting liquor containing primarily hemicellulosic material
(about 88% of all solubilised sugars) was diluted to 75% of
the original strength (i.e., after 25% dilution) and subjected to
enzymatic hydrolysis at a 20 g scale (pH 5.0, 50° C., 3 days)
using: (a) an enzyme composition of Trichoderma reesei
cellulases, Thermoascus aurantiacus GH61 polypeptide hav-
ing cellulolytic enhancing activity, Aspergillus fumigatus
beta-glucosidase fusion protein, and Aspergillus aculeatus
xylanase at a dosage of 0.33 mg protein/mL of original liquor
(Cellulase 1); (b) Trichoderma reesei cellulases at 0.33 mg
protein/mL. of original liquor (Cellulase 2); (c) Aspergillus
aculeatus Xylanase at 0.33 mg/ml. of original liquor; (d)
Trichoderma reesei beta-xylosidase at 0.33 mg/mlL of origi-
nal liquor; (e) the enzyme composition of (a) at 0.16 mg
protein/mL. along with Trichoderma reesei beta-xylosidase at
0.17 mg/ml. of original liquor; (f) the Trichoderma reesei
cellulases of (b) at 0.16 mg protein/mL along with Tricho-
derma reesei beta-xylosidase at 0.17 mg/ml of original
liquor; and (g) Aspergillus aculeatus xylanase at 0.16 mg/mL
and Trichoderma reesei beta-xylosidase at 0.17 mg/mL of
original liquor. Following enzymatic hydrolysis, the samples
were diluted in 0.005 M H,SO, and the sugar concentrations
measured using a 4.6x250 mm AMINEX® HPX-87H col-
umn as described in Example 3.

As shown in FIG. 4, the use of the enzyme composition
containing cellulases (a), cellulose enzymes alone (b), or
beta-xylosidase alone (d) were effective in hydrolyzing xylan
oligomers to xylose. However, the combination of the
enzyme composition containing cellulases (a) or cellulose
enzymes (b) together with beta-xylosidase (e and f) showed a
significant increase in xylose production compared to the
enzyme composition cellulose enzymes (a), cellulose
enzymes alone (b), and beta-xylosidase alone (d) at the same
protein loading. Further, the combination of the enzyme com-
position containing cellulases (a) or cellulose enzymes (b)
together with beta-xylosidase (e and f) showed a significant
increase in xylose production compared to xylanase together
with beta-xylosidase (g) at the same protein loading.

The invention described and claimed herein is not to be
limited in scope by the specific aspects herein disclosed, since
these aspects are intended as illustrations of several aspects of
the invention. Any equivalent aspects are intended to be
within the scope of this invention. Indeed, various modifica-
tions of the invention in addition to those shown and
described herein will become apparent to those skilled in the
art from the foregoing description. Such modifications are
also intended to fall within the scope of the appended claims.
In the case of conflict, the present disclosure including defi-
nitions will control.

In some aspects, the present invention may be described by
the following numbered paragraphs:

[1] A method of degrading biomass material, comprising:

(a) pretreating biomass material to provide a solid fraction
and a liquid fraction, wherein at least about 50% of the bio-
mass material (or total sugar) in the liquid fraction is hemi-
cellulosic material;

(b) separating the liquid fraction from the solid fraction;
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(c) saccharifying the liquid fraction with an enzyme com-
position comprising one or more (several) cellulases and a
beta-xylosidase.

[2] The method of paragraph 1, wherein pretreating com-
prises a chemical pretreatment, a physical pretreatment, or a
chemical pretreatment and a physical pretreatment.

[3] The method of paragraph 2, wherein pretreating com-
prises steam explosion pretreatment.

[4] The method of any one of paragraphs 1-3, wherein sepa-
rating the liquid fraction from the solid fraction is performed
prior to saccharification.

[5] The method of any one of paragraphs 1-4, wherein at least
about 55% of the biomass material (or total sugar) in the
liquid fraction, e.g., at least about 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 98%, is hemicellulosic material.
[6] The method of any of paragraphs 1-5, wherein the one or
more (several) cellulases are selected from the group consist-
ing of an endoglucanase, a cellobiohydrolase, and a beta-
glucosidase.

[7] The method of any of paragraphs 1-6, wherein the one or
more (several) cellulases comprise one or more (several) cel-
lulases from Trichoderma (e.g., Trichoderma reesei).

[8] The method of any of paragraphs 1-7, wherein the total
concentration of the one or more (several) cellulases during
saccharifying is at least about 0.005 mg/ml, e.g., at least
about 0.01 mg/mL, 0.05 mg/mL., 0.075 mg/mL, 0.1 mg/mL,
0.2 mg/ml, 0.3 mg/ml,, 0.4 mg/mL,, 0.5 mg/ml., 0.6 mg/mL,
0.7 mg/ml, 0.8 mg/ml,, 0.9 mg/mL,, 1.0 mg/ml., 1.1 mg/mL,
1.2mg/ml, 1.3 mg/ml, 1.4 mg/mL, 1.5 mg/ml., 1.6 mg/mL,
1.7mg/mL, 1.8 mg/ml,, 1.9 mg/mL., 2.0 mg/ml., 2.5 mg/mL,
3.0 mg/mL, or 5.0 mg/mL..

[9] The method of any of paragraphs 1-7, wherein the total
concentration of the one or more (several) cellulases during
saccharifying is at least about 0.16 mg/mL..

[10] The method of any of paragraphs 1-9, wherein the beta-
xylosidase is a Trichoderma beta-xylosidase (e.g., Tricho-
derma reesei) or an Aspergillus beta-xylosidase (e.g.,
Aspergillus fumigatus).

[11] The method of any of paragraphs 1-9, wherein the total
concentration of the beta-xylosidase during saccharifying is
less than about 5.0 mg/ml, e.g., less than about 3.0 mg/mL.,
2.5mg/ml, 2.0 mg/ml,, 1.9 mg/mL,, 1.8 mg/ml., 1.7 mg/mL,
1.6 mg/mL, 1.5 mg/ml, 1.4 mg/mL, 1.3 mg/ml., 1.2 mg/mL,
1.1 mg/mL, 1.0 mg/mL, 0.9 mg/mL., 0.8 mg/ml., 0.7 mg/mL,
0.6 mg/ml, 0.5 mg/ml,, 0.4 mg/mL,, 0.3 mg/ml., 0.2 mg/mL,
0.1 mg/mL, 0.075 mg/mL, 0.05 mg/mL, 0.01 mg/mL, or
0.005 mg/mlL..

[12] The method of any of paragraphs 1-9, wherein the total
concentration of the beta-xylosidase during saccharifying is
less than about 0.17 mg/mlL..

[13] The method of any of paragraphs 1-12, wherein the ratio
of'the total concentration of cellulases to the total concentra-
tion of the beta-xylosidase during saccharifying is from 1:10
to 10:1, e.g., from 1:10, 1:7.5, 1:5, 1:2.5, 1:1.1, or 1:1, to any
of 1:1, 2.5:1, 5:1, 7.5:1, or 10:1.

[14] The method of any of paragraphs 1-13, wherein the
enzyme composition comprises one or more (several) addi-
tional enzymes selected from the group consisting of a cellu-
lase, a GH61 polypeptide having cellulolytic enhancing
activity, a hemicellulase, an expansin, an esterase, a laccase,
a ligninolytic enzyme, a pectinase, a peroxidase, a protease,
and a swollenin.

[15] The method of paragraph 14, wherein the cellulase is one
or more (several) enzymes selected from the group consisting
of'an endoglucanase, a cellobiohydrolase, and a beta-glucosi-
dase.
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[16] The method of paragraph 14, wherein the hemicellulase
is one or more (several) enzymes selected from the group
consisting of a xylanase, an acetyxylan esterase, a feruloyl
esterase, an arabinofuranosidase, a xylosidase, and a glucu-
ronidase.

[17] The method of any of paragraphs 1-13, wherein the
enzyme composition comprises one or more (several) addi-
tional enzymes selected from the group consisting of a GH61
polypeptide having cellulolytic enhancing activity (e.g., a
Thermoascus aurantiacus GH61 polypeptide), a beta-glu-
cosidase (e.g., an Aspergillus fumigatus beta-glucosidase),
and a xylanase (e.g., an Aspergillus aculeatus xylanase).
[18] The method of any of paragraphs 1-17, wherein saccha-
rifying the liquid fraction with an enzyme composition is
conducted for at least 12 hours, e.g., at least 24 hours, 36
hours, 48 hours, 60 hours, or 72 hours.

[19] The method of any of paragraphs 1-18, wherein saccha-
rifying the liquid fraction with an enzyme composition is
conducted from 25° C.10 75° C., e.g., 30° C.t0 70° C.,35° C.
t0 65° C., 40° C.t0 60° C., 45° C. to 55° C., or about 50° C.
[20] The method of any of paragraphs 1-19, wherein saccha-
rifying the liquid fraction with an enzyme composition is
conducted at a pH from 3.0t0 7.0, e.g., 3.5 10 6.5, 4.0 t0 6.0,
4.5to 5.5 or about 5.0.

[21] The method of any of paragraphs 1-20, wherein the
resulting xylose concentration following saccharifying is at
least 30 g/L, e.g., at least 35 g/[, 40 g/, 45 g/, 50 g/L, 55
g/L, 60 g/L., 65 g/L, 70 g/L, or 75 g/L.

[22] The method of any of paragraphs 1-21, wherein the
resulting xylose concentration following saccharifying is at
least1.05,e.g.,1.1,1.15,1.2,1.25,1.3,1.35,1.4,1.45,0r 1.5
times higher compared to the resulting xylose concentration
from the method under the same conditions when the enzyme
composition does not contain the one or more cellulases.
[23] The method of paragraph 22, wherein the resulting
xylose concentration following saccharitying is at least 1.05,
eg., 1.1, 1.15, 1.2, 1.25, 1.3, 1.35, 1.4, 1.45, or 1.5 times
higher compared to the resulting xylose concentration from
the method under the same conditions when the enzyme
composition does not contain the one or more cellulases and
when the total enzyme loading of the one or more cellulases
and beta-xylosidase remains constant.

[24] The method of any of paragraphs 1-22, further compris-
ing recovering the resulting xylose following saccharifying.
[25] A method of producing a fermentation product, compris-
ing:

(a) saccharifying biomass material with an enzyme com-
position, wherein at least 50% of the biomass material (or
total sugar) is hemicellulosic material, and wherein the
enzyme composition comprises one or more (several) cellu-
lases and a beta-xylosidase;

(b) fermenting the saccharified biomass material; and

(c) recovering the fermentation product from (b).

[26] The method of paragraph 25, wherein at least about 55%
of the biomass material (or total sugar), e.g., at least about
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 98%, is
hemicellulosic material.

[27] The method of paragraph 25 or 26, wherein the one or
more (several) cellulases are selected from the group consist-
ing of an endoglucanase, a cellobiohydrolase, and a beta-
glucosidase.

[28] The method of any of paragraphs 25-27, wherein the one
or more (several) cellulases comprise one or more (several)
cellulases from Trichoderma (e.g., Trichoderma reesei).
[29] The method of any of paragraphs 25-28, wherein the total
concentration of the one or more (several) cellulases during
saccharifying is at least about 0.005 mg/mL, e.g., at least

10

15

20

25

30

35

40

45

50

55

60

65

52
about 0.01 mg/mL, 0.05 mg/mL., 0.075 mg/mL, 0.1 mg/mL,
0.2 mg/ml, 0.3 mg/ml,, 0.4 mg/mL,, 0.5 mg/ml., 0.6 mg/mL,
0.7 mg/ml, 0.8 mg/ml,, 0.9 mg/mL,, 1.0 mg/ml., 1.1 mg/mL,
1.2mg/ml, 1.3 mg/ml, 1.4 mg/mL, 1.5 mg/ml., 1.6 mg/mL,
1.7mg/mL, 1.8 mg/ml,, 1.9 mg/mL., 2.0 mg/ml., 2.5 mg/mL,
3.0 mg/mL, or 5.0 mg/mL..
[30] The method of any of paragraphs 25-28, wherein the total
concentration of the one or more (several) cellulases during
saccharifying is at least about 0.16 mg/mL..
[31] The method of any of paragraphs 25-30, wherein the
beta-xylosidase is a Trichoderma beta-xylosidase (e.g., T7i-
choderma reesei) or an Aspergillus beta-xylosidase (e.g.,
Aspergillus fumigatus).
[32] The method of any of paragraphs 25-31, wherein the total
concentration of the beta-xylosidase during saccharifying is
less than about 5.0 mg/ml, e.g., less than about 3.0 mg/mL.,
2.5mg/ml, 2.0 mg/ml,, 1.9 mg/mL,, 1.8 mg/ml., 1.7 mg/mL,
1.6 mg/mL, 1.5 mg/ml, 1.4 mg/mL, 1.3 mg/ml., 1.2 mg/mL,
1.1 mg/mL, 1.0 mg/mL, 0.9 mg/mL., 0.8 mg/ml., 0.7 mg/mL,
0.6 mg/ml, 0.5 mg/ml,, 0.4 mg/mL,, 0.3 mg/ml., 0.2 mg/mL,
0.1 mg/mL, 0.075 mg/mL, 0.05 mg/mL, 0.01 mg/mL, or
0.005 mg/mlL..
[33] The method of any of paragraphs 25-31, wherein the total
concentration of the beta-xylosidase during saccharifying is
less than about 0.17 mg/mlL..
[34] The method of any of paragraphs 25-33, wherein the
ratio of the total concentration of cellulases to the total con-
centration of the beta-xylosidase during saccharifying is from
1:10t0 10:1, e.g., from 1:10, 1:7.5, 1:5,1:2.5, 1:1.1, or 1:1, t0
any of 1:1, 2.5:1, 5:1, 7.5:1, or 10:1.
[35] The method of any of paragraphs 25-34, wherein the
enzyme composition comprises one or more (several) addi-
tional enzymes selected from the group consisting of a cellu-
lase, a GH61 polypeptide having cellulolytic enhancing
activity, a hemicellulase, an expansin, an esterase, a laccase,
a ligninolytic enzyme, a pectinase, a peroxidase, a protease,
and a swollenin.
[36] The method of paragraph 35, wherein the cellulase one or
more (several) enzymes selected from the group consisting of
an endoglucanase, a cellobiohydrolase, and a beta-glucosi-
dase.
[37] The method of paragraph 35, wherein the hemicellulase
is one or more (several) enzymes selected from the group
consisting of a xylanase, an acetyxylan esterase, a feruloyl
esterase, an arabinofuranosidase, a xylosidase, and a glucu-
ronidase.
[38] The method of any of paragraphs 25-34, wherein the
enzyme composition comprises one or more (several) addi-
tional enzymes selected from the group consisting of a GH61
polypeptide having cellulolytic enhancing activity (e.g., a
Thermoascus aurantiacus GH61 polypeptide), a beta-glu-
cosidase (e.g., an Aspergillus fumigatus beta-glucosidase),
and a xylanase (e.g., an Aspergillus aculeatus xylanase).
[39] The method of any of paragraphs 25-38, wherein sac-
charifying the liquid fraction with an enzyme composition is
conducted for at least 12 hours, e.g., at least 24 hours, 36
hours, 48 hours, 60 hours, or 72 hours.
[40] The method of any of paragraphs 25-39, wherein sac-
charifying the liquid fraction with an enzyme composition is
conducted from 25° C. 10 75° C., e.g., 30° C.t0 70° C., 35° C.
to 65° C., 40° C. to 60° C., 45° C. to 55° C., or about 50° C.
[41] The method of any of paragraphs 25-40, wherein sac-
charifying the liquid fraction with an enzyme composition is
conducted at a pH from 3.0t0 7.0, e.g.,3.510 6.5,4.0 t0 6.0,
4.5t0 5.5 or about 5.0.
[42] The method of any of paragraphs 25-41, wherein the
saccharified biomass material comprises xylose at a concen-
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tration at least 30 g/L, e.g., at least 35 g/1, 40 g/L, 45 g/L., 50
g/L, 55 g/L., 60 g/L, 65 g/1., 70 g/, or 75 g/L..
[43] The method of any of paragraphs 25-42, wherein the
saccharified biomass material comprises xylose at a concen-
tration at least 1.05, e.g., 1.1, 1.15, 1.2, 1.25, 1.3, 1.35, 1.4,
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higher compared to the xylose concentration from the method
under the same conditions when the enzyme composition
does not contain the one or more cellulases and when the total
enzyme loading of the one or more cellulases and beta-xy-

> ; 5 losidase remains constant.
1.45, or 1.5 times higher compared to the xylose concentra- b hod of i b herein th
tion from the method under the same conditions when the [45] The method of any of paragraphs 25-44, ‘:)V erem the
enzyme composition does not contain the one or more cellu- biomass material of step (a) contains less than 10%, e.g., 1ess
lases than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% total solids.
[44] The method of paragraph 43, wherein the saccharified |, [46] The method of any of paragraphs 25-45, wherein the
biomass material comprises xylose at a concentration at least fermentation product is an alcohol, an organic acid, a ketone,
1.05,e.g.,1.1,1.15,1.2,1.25,1.3,1.35,1.4,1.45,0r 1.5 times an amino acid, or a gas.
SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 150

<210> SEQ ID NO 1

<211> LENGTH: 1377

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reesei

<400> SEQUENCE: 1

atggcgccct cagttacact gecegttgacce acggccatce tggccattge ccggetcegte 60

gccgeccage aaccgggtac cagcaccccc gaggtccatc ccaagttgac aacctacaag 120

tgtacaaagt ccggggggtyg cgtggcccag gacacctegg tggtccttga ctggaactac 180

cgctggatge acgacgcaaa ctacaactcg tgcaccgtca acggcggcegt caacaccacg 240

ctctgecctg acgaggegac ctgtggcaag aactgcttca tcgagggegt cgactacgcec 300

gectegggeg tcacgacctce gggcagcagce ctcaccatga accagtacat gcccagcage 360

tctggegget acagcagegt ctctectegg ctgtatctcee tggactctga cggtgagtac 420

gtgatgctga agctcaacgg ccaggagctg agcttcgacg tcgacctcte tgctctgecg 480

tgtggagaga acggctcgcet ctacctgtcet cagatggacg agaacggggg cgccaaccag 540

tataacacgg ccggtgccaa ctacgggagce ggctactgcg atgctcagtg ccccgtecag 600

acatggagga acggcaccct caacactagc caccagggct tctgctgcaa cgagatggat 660

atcctggagg gcaactcgag ggcgaatgcce ttgaccccte actcttgecac ggccacggec 720

tgcgactctg ccggttgegyg cttcaaccce tatggcageg gctacaaaag ctactacgge 780

cccggagata ccgttgacac ctccaagacce ttcaccatca tcacccagtt caacacggac 840

aacggctcege cctegggcaa ccttgtgage atcacccgca agtaccagca aaacggcegtce 900

gacatcccca gecgcccagece cggceggcgac accatctegt cctgecegte cgcectcagec 960

tacggcggcece tcgccaccat gggcaaggcce ctgagcagcg gcatggtget cgtgttcage 1020

atttggaacg acaacagcca gtacatgaac tggctcgaca gcggcaacgc cggcccctge 1080

agcagcaccg agggcaaccc atccaacatc ctggccaaca accccaacac gcacgtcgte 1140

ttctecaaca tccecgectgggyg agacattggg tetactacga actcgactge gecccccgece 1200

ccgectgegt ccagcacgac gttttcgact acacggagga gctcgacgac ttcgagcagce 1260

ccgagctgeca cgcagactca ctgggggcag tgcggtggca ttgggtacag cgggtgcaag 1320

acgtgcacgt cgggcactac gtgccagtat agcaacgact actactcgca atgectt 1377

<210> SEQ ID NO 2

<211> LENGTH: 459

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reesei
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<400> SEQUENCE:

Met
1

Ala

Ala
Asp
65

Leu

Met

Pro

Leu

145

Cys

Gly

Cys

Thr

Asn

225

Cys

Ser

Ile

Ala

305

Tyr

Leu

Asp

Asn

Arg

385

Pro

Ala

Arg

Pro

Gln

50

Ala

Cys

Asp

Asn

Arg

130

Asn

Gly

Ala

Asp

Ser

210

Ser

Asp

Tyr

Ile

Ser

290

Gln

Gly

Val

Ser

Ile
370

Trp

Pro

Pro

Leu

Lys

35

Asp

Asn

Pro

Tyr

Gln

115

Leu

Gly

Glu

Asn

Ala

195

His

Arg

Ser

Tyr

Thr

275

Ile

Pro

Gly

Phe

Gly
355
Leu

Gly

Ala

Ser

Val

20

Leu

Thr

Tyr

Asp

Ala

100

Tyr

Tyr

Gln

Asn

Gln

180

Gln

Gln

Ala

Ala

Gly

260

Gln

Thr

Gly

Leu

Ser

340

Asn

Ala

Asp

Ser

2

Val

Ala

Thr

Ser

Asn

Glu

85

Ala

Met

Leu

Glu

Gly

165

Tyr

Cys

Gly

Asn

Gly

245

Pro

Phe

Arg

Gly

Ala

325

Ile

Ala

Asn

Ile

Ser
405

Thr

Ala

Thr

Val

Ser

70

Ala

Ser

Pro

Leu

Leu

150

Ser

Asn

Pro

Phe

Ala

230

Cys

Gly

Asn

Lys

Asp

310

Thr

Trp

Gly

Asn

Gly
390

Thr

Leu

Gln

Tyr

Val

55

Cys

Thr

Gly

Ser

Asp

135

Ser

Leu

Thr

Val

Cys

215

Leu

Gly

Asp

Thr

Tyr

295

Thr

Met

Asn

Pro

Pro
375

Ser

Thr

Pro

Gln

Lys

40

Leu

Thr

Cys

Val

Ser

120

Ser

Phe

Tyr

Ala

Gln

200

Cys

Thr

Phe

Thr

Asp

280

Gln

Ile

Gly

Asp

Cys

360

Asn

Thr

Phe

Leu

Pro

25

Cys

Asp

Val

Gly

Thr

105

Ser

Asp

Asp

Leu

Gly

185

Thr

Asn

Pro

Asn

Val

265

Asn

Gln

Ser

Lys

Asn

345

Ser

Thr

Thr

Ser

Thr

10

Gly

Thr

Trp

Asn

Lys

90

Thr

Gly

Gly

Val

Ser

170

Ala

Trp

Glu

His

Pro

250

Asp

Gly

Asn

Ser

Ala

330

Ser

Ser

His

Asn

Thr
410

Thr

Thr

Lys

Asn

Gly

75

Asn

Ser

Gly

Glu

Asp

155

Gln

Asn

Arg

Met

Ser

235

Tyr

Thr

Ser

Gly

Cys

315

Leu

Gln

Thr

Val

Ser
395

Thr

Ala

Ser

Ser

Tyr

60

Gly

Cys

Gly

Tyr

Tyr

140

Leu

Met

Tyr

Asn

Asp

220

Cys

Gly

Ser

Pro

Val

300

Pro

Ser

Tyr

Glu

Val
380

Thr

Arg

Ile

Thr

Gly

45

Arg

Val

Phe

Ser

Ser

125

Val

Ser

Asp

Gly

Gly

205

Ile

Thr

Ser

Lys

Ser

285

Asp

Ser

Ser

Met

Gly
365
Phe

Ala

Arg

Leu

Pro

30

Gly

Trp

Asn

Ile

Ser

110

Ser

Met

Ala

Glu

Ser

190

Thr

Leu

Ala

Gly

Thr

270

Gly

Ile

Ala

Gly

Asn

350

Asn

Ser

Pro

Ser

Ala

15

Glu

Cys

Met

Thr

Glu

95

Leu

Val

Leu

Leu

Asn

175

Gly

Leu

Glu

Thr

Tyr

255

Phe

Asn

Pro

Ser

Met

335

Trp

Pro

Asn

Pro

Ser
415

Ile

Val

Val

His

Thr

80

Gly

Thr

Ser

Lys

Pro

160

Gly

Tyr

Asn

Gly

Ala

240

Lys

Thr

Leu

Ser

Ala

320

Val

Leu

Ser

Ile

Pro
400

Thr



57

US 9,416,384 B2

-continued

58

Thr Ser Ser Ser

420

Pro Ser Cys Thr

Gly Ile Gly Tyr Ser Gly Cys Lys

435

440

Gln Tyr Ser Asn Asp Tyr Tyr Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 3
H: 1254
DNA

455

<213> ORGANISM: Trichoderma rees

<400> SEQUE:

atgaacaagt

gcacagcaga

getectgget

actactatca

tcaacaagct

gcgggttttg

cegttgaaga

ttcgtcaacy

aacaacaatt

caggggtgcc

aacggtggga
cagttggcat
cacgacgtga
aacgctggtyg
gcttteatat
acaacgaatc
gccgaatgta
cagaacaatc
caagacatgt
gttggttggg
agtggtaact
<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 3

cegtggetee

ctgtctgggg

cagcttgtte

ccacttegac

catcaactcc

actttggetyg

acttcaccgyg

aggacgggat

tgggcggcaa

tgtctetggy

tcattggtca

caaagtacgc

acatcaacac

ctacgtegea

ccgatggeag

tgatttttga

ctacaaataa

gccaggctat

gccagcaaat

gtgccggate

catggacgga
D NO 4

H: 418
PRT

attgctgett

ccagtgtgga

gaccctcaat

cecggecacca

acccacgage

taccacagat

ctcaaacaac

gactatttte

tcttgattee

cgcatactge

gggcggccct

atctcagteg

ctgggetgec

attcatctct

tgcagcegec

cgtgcacaaa

cattgacgge

cctgacagaa

ccaatatctce

atttgatage

cacatccttyg

<213> ORGANISM: Trichoderma rees

<400> SEQUE:

NCE: 4

Met Asn Lys Ser Val Ala Pro Leu

1

5

Gly Gly Ala Val Ala Gln Gln Thr

20

Gly Trp Ser Gly Pro Thr Asn Cys

35

40

Leu Asn Pro Tyr Tyr Ala Gln Cys

50

55

Gln Thr His Trp Gly Gln Cys Gly

425

430

Thr Cys Thr Ser Gly Thr Thr Cys

Gln Cys Leu

ei

gcagcegteca
ggtattggtt
ccttattatg
tccggtecaa
tctggggtec
ggcacttgeyg
tacccecgatg
cgcttaccetyg
acgagcattt
atcgtcgaca
actaatgcte
agggtgtgge
acggtccaag
ttgcctggaa
ctgtctcaag
tacttggact
gecttttete
accggtggtg
aaccagaact
acgtatgtcc

gtcagetegt

ei

Leu Leu Ala
10

Val Trp Gly
25

Ala Pro Gly

Ile Pro Gly

445

tactatatgg
ggagcggace
cgcaatgtat
ccaccaccac
gatttgcegg
ttacctcgaa
gecatcggeca
tcggatggea
ccaagtatga
tccacaatta
aattcacgag
tcggcatcat
aggttgtaac
atgattggca
tcacgaacce
cagacaactc
cgecttgecac
gcaacgttca
cagatgtcta
tgacggaaac

gtctegcaag

Ala Ser Ile
Gln Cys Gly
30

Ser Ala Cys
45

Ala Thr Thr
60

cggegeegte
tacgaattgt
tcegggagece
cagggctace
cgttaacatc
ggtttatcct
gatgcagcac
gtacctegte
tcagettgtt
tgctcgatgyg
cctttggteg
gaatgagcce
cgcaatcege
atctgetggy
ggatgggtca
cggtactcac
ttggctecga
gtcetgcata
tettggetat
accgactage

aaag

Leu Tyr
15
Gly Ile

Ser Thr

Ile Thr

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1254
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60

Thr

65

Ser

Gly

Cys

Asn

Asp

145

Asn

Asp

Asp

Gly

Lys

225

Thr

Gly

Ala

Ile

305

Ala

Thr

Gly

Tyr

Ala

385

Ser

Arg

<210>
<211>
<212>
<213>

<400>

atgaagttce ttcaagtect cectgeccte ataceggeeg cectggecca aaccagetgt

Ser

Thr

Val

Val

Asn

130

Gly

Asn

Gln

Ile

Pro

210

Tyr

Asp

Ala

Asn

Ala

290

Phe

Glu

Trp

Gly

Leu

370

Gly

Gly

Lys

Thr

Ser

Asn

Thr

115

Tyr

Met

Asn

Leu

His

195

Thr

Ala

Val

Ile

Asp

275

Leu

Asp

Cys

Leu

Asn

355

Asn

Ser

Asn

Arg

Ser

Ile

100

Ser

Pro

Thr

Leu

Val

180

Asn

Asn

Ser

Asn

Arg

260

Trp

Ser

Val

Thr

Arg

340

Val

Gln

Phe

Ser

SEQUENCE :

Pro

Ser

85

Ala

Lys

Asp

Ile

Gly

165

Gln

Tyr

Ala

Gln

Ile

245

Asn

Gln

Gln

His

Thr

325

Gln

Gln

Asn

Asp

Trp
405

SEQ ID NO 5
LENGTH:
TYPE: DNA
ORGANISM: Trichoderma

702

5

Pro

70

Thr

Gly

Val

Gly

Phe

150

Gly

Gly

Ala

Gln

Ser

230

Asn

Ala

Ser

Val

Lys

310

Asn

Asn

Ser

Ser

Ser

390

Thr

Ser

Pro

Phe

Tyr

Ile

135

Arg

Asn

Cys

Arg

Phe

215

Arg

Thr

Gly

Ala

Thr

295

Tyr

Asn

Asn

Cys

Asp

375

Thr

Asp

Gly

Pro

Asp

Pro

120

Gly

Leu

Leu

Leu

Trp

200

Thr

Val

Trp

Ala

Gly

280

Asn

Leu

Ile

Arg

Ile

360

Val

Tyr

Thr

Pro

Thr

Phe

105

Pro

Gln

Pro

Asp

Ser

185

Asn

Ser

Trp

Ala

Thr

265

Ala

Pro

Asp

Asp

Gln

345

Gln

Tyr

Val

Ser

reeseil

Thr

Ser

90

Gly

Leu

Met

Val

Ser

170

Leu

Gly

Leu

Phe

Ala

250

Ser

Phe

Asp

Ser

Gly

330

Ala

Asp

Leu

Leu

Leu
410

Thr

75

Ser

Cys

Lys

Gln

Gly

155

Thr

Gly

Gly

Trp

Gly

235

Thr

Gln

Ile

Gly

Asp

315

Ala

Ile

Met

Gly

Thr

395

Val

Thr

Gly

Thr

Asn

His

140

Trp

Ser

Ala

Ile

Ser

220

Ile

Val

Phe

Ser

Ser

300

Asn

Phe

Leu

Cys

Tyr

380

Glu

Ser

Thr

Val

Thr

Phe

125

Phe

Gln

Ile

Tyr

Ile

205

Gln

Met

Gln

Ile

Asp

285

Thr

Ser

Ser

Thr

Gln

365

Val

Thr

Ser

Arg

Arg

Asp

110

Thr

Val

Tyr

Ser

Cys

190

Gly

Leu

Asn

Glu

Ser

270

Gly

Thr

Gly

Pro

Glu

350

Gln

Gly

Pro

Cys

Ala

Phe

95

Gly

Gly

Asn

Leu

Lys

175

Ile

Gln

Ala

Glu

Val

255

Leu

Ser

Asn

Thr

Leu

335

Thr

Ile

Trp

Thr

Leu
415

Thr

80

Ala

Thr

Ser

Glu

Val

160

Tyr

Val

Gly

Ser

Pro

240

Val

Pro

Ala

Leu

His

320

Ala

Gly

Gln

Gly

Ser

400

Ala
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-continued
gaccagtggyg caaccttcac tggcaacggc tacacagtca gcaacaacct ttggggageca 120
tcagececgget ctggatttgg ctgcgtgacg geggtatege tcageggegyg ggcectectgg 180
cacgcagact ggcagtggtc cggcggecag aacaacgtca agtcgtacca gaactctcag 240
attgccatte cccagaagag gaccgtcaac agcatcagca gcatgcccac cactgcecage 300
tggagctaca gcgggagcaa catccgeget aatgttgegt atgacttgtt caccgcagece 360
aacccgaatce atgtcacgta ctcgggagac tacgaactca tgatctgget tggcaaatac 420
ggcgatattyg ggccgattgg gtcectcacag ggaacagtca acgtceggtgg ccagagetgg 480
acgctctact atggctacaa cggagccatg caagtctatt ccetttgtgge ccagaccaac 540
actaccaact acagcggaga tgtcaagaac ttcttcaatt atctccgaga caataaagga 600
tacaacgctyg caggccaata tgttcttage taccaatttyg gtaccgagece cttcacggge 660
agtggaactc tgaacgtcgce atcctggacc gcatctatca ac 702

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 6
H: 234
PRT

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 6

Met Lys Phe
1

Gln Thr Ser
Val Ser Asn
35

Val Thr Ala
50

Gln Trp Ser
65

Ile Ala Ile

Thr Thr Ala

Ala Tyr Asp

115

Gly Asp Tyr
130

Pro Ile Gly
145

Thr Leu Tyr

Ala Gln Thr

Asn Tyr Leu
195

Leu Ser Tyr
210

Asn Val Ala
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Gln Val Leu Pro

5

Cys Asp Gln Trp Ala

20

Asn Leu Trp Gly Ala

Val Ser Leu Ser Gly

55

Gly Gly Gln Asn Asn

70

Pro Gln Lys Arg Thr

85

Ser Trp Ser Tyr Ser

100

Leu Phe Thr Ala Ala

120

Glu Leu Met Ile Trp

135

Ser Ser Gln Gly Thr
150

Tyr Gly Tyr Asn Gly

165

Asn Thr Thr Asn Tyr

180

Arg Asp Asn Lys Gly

200

Gln Phe Gly Thr Glu

215

Ser Trp Thr Ala Ser
230

D NO 7
H: 726
DNA

ei

Ala

Thr

25

Ser

Gly

Val

Val

Gly

105

Asn

Leu

Val

Ala

Ser

185

Tyr

Pro

Ile

Leu

10

Phe

Ala

Ala

Lys

Asn

90

Ser

Pro

Gly

Asn

Met

170

Gly

Asn

Phe

Asn

Ile

Thr

Gly

Ser

Ser

75

Ser

Asn

Asn

Lys

Val

155

Gln

Asp

Ala

Thr

Pro Ala Ala
Gly Asn Gly
30

Ser Gly Phe

Trp His Ala
60

Tyr Gln Asn

Ile Ser Ser

Ile Arg Ala

110

His Val Thr
125

Tyr Gly Asp
140

Gly Gly Gln

Val Tyr Ser

Val Lys Asn
190

Ala Gly Gln
205

Gly Ser Gly
220

Leu Ala
15

Tyr Thr

Gly Cys

Asp Trp

Ser Gln

80

Met Pro
95

Asn Val

Tyr Ser

Ile Gly

Ser Trp

160
Phe Val
175
Phe Phe

Tyr Val

Thr Leu
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<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 7

atgaaggcaa ctctggttet cggctceecte attgtaggeg cegttteege gtacaaggece 60
accaccacge gctactacga tgggcaggag ggtgcttgeg gatgeggete gagetcegge 120
gecattcecegt ggcagetegyg catcggcaac ggagtctaca cggetgecgg cteccagget 180
ctettegaca cggecggage ttcatggtge ggegcegget geggtaaatyg ctaccagete 240
acctegacgg gcecaggegee ctgctecage tgeggcacgg geggtgetge tggecagage 300
atcatcgtca tggtgaccaa cctgtgeccyg aacaatggga acgcgcagtyg gtgeccggtyg 360
gteggeggea ccaaccaata cggctacage taccattteg acatcatgge gecagaacgag 420
atctttggag acaatgtegt cgtegacttt gagcccattyg cttgecccegyg gcaggetgee 480
tectgactggg ggacgtgect ctgegtggga cagcaagaga cggatcccac gecegtecte 540
ggcaacgaca cgggctcaac tectececggg agctegecge cagegacatce gtegagtecy 600
cegtetggeg geggecagea gacgcetetat ggecagtgtyg gaggtgcegyg ctggacggga 660
cctacgacgt gccaggeccee agggacctge aaggttcaga accagtggta cteccagtgt 720
ctteccet 726

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 8
H: 242
PRT

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 8

Met Lys Ala
1

Ala Tyr Lys
Cys Gly Cys
35

Gly Asn Gly
50

Ala Gly Ala
65

Thr Ser Thr

Ala Gly Gln

Gly Asn Ala
115

Tyr Ser Tyr
130

Asn Val Val
145

Ser Asp Trp

Thr Pro Val

Pro Pro Ala
195

Leu Tyr Gly
210

Thr Leu Val Leu Gly

5

Ala Thr Thr Thr Arg

20

Gly Ser Ser Ser Gly

40

Val Tyr Thr Ala Ala

55

Ser Trp Cys Gly Ala

70

Gly Gln Ala Pro Cys

85

Ser Ile Ile Val Met

100

Gln Trp Cys Pro Val

120

His Phe Asp Ile Met

135

Val Asp Phe Glu Pro
150

Gly Thr Cys Leu Cys

165

Leu Gly Asn Asp Thr

180

Thr Ser Ser Ser Pro

200

Gln Cys Gly Gly Ala

215

ei

Ser Leu Ile
10

Tyr Tyr Asp
25

Ala Phe Pro

Gly Ser Gln

Gly Cys Gly
75

Ser Ser Cys
90

Val Thr Asn
105

Val Gly Gly

Ala Gln Asn

Ile Ala Cys
155

Val Gly Gln
170

Gly Ser Thr
185

Pro Ser Gly

Gly Trp Thr

Val Gly Ala
Gly Gln Glu
30

Trp Gln Leu
45

Ala Leu Phe
60

Lys Cys Tyr

Gly Thr Gly

Leu Cys Pro
110

Thr Asn Gln
125

Glu Ile Phe
140

Pro Gly Gln

Gln Glu Thr

Pro Pro Gly

190

Gly Gly Gln
205

Gly Pro Thr
220

Val Ser
15

Gly Ala

Gly Ile

Asp Thr

Gln Leu

80

Gly Ala
95

Asn Asn

Tyr Gly

Gly Asp

Ala Ala
160

Asp Pro
175
Ser Ser

Gln Thr

Thr Cys
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-continued

66

Gln Ala Pro Gly Thr Cys Lys Val Gln Asn Gln Trp Tyr Ser Gln Cys
230

225

Leu Pro

<210> SEQ I

<211> LENGT.
<212> TYPE:

D NO 9
H: 923
DNA

<213> ORGANISM: Humicola insolens

<400> SEQUENCE: 9

atgegttect
geegetgatyg
aagaaggctce
gacttcgacyg
accccatggyg
agcaatgagg
getggcaaga
ttcgatctca
ggeggtcetge
ccegacgecc
ccgagettea
cgcegeaacy
ccggteaace
gtccagecta
ggctggageg
taccatcagt
<210> SEQ I

<211> LENGT.
<212> TYPE:

cceeectect

gcaggtccac

ccgtgaacca

ccaagtcegyg

ctgtgaacga

cgggetggtyg

agatggtegt

acatcccegyg

ceggecageg

tcaagccegyg

getteegtea

acgacggcaa

agcctaccag

cgactcccag

getgcaccac

gectgtagaa

D NO 10

H: 305
PRT

cegeteegea

cegetactgyg

gectgtettt

ctgecgagecyg

cgacttegeg

ctgegectge

ccagtecace

ngngCgtC

ctacggegge

ctgctactgg

ggtccagtge

ctteectgee

caccagcacc

cggetgeact

ctgegteget

ttc

235

gttgtggeeg

gactgctgca

tcctgcaacy

ggcggtgteg

cteggttttyg

tacgagctca

agcactggeg

ggcatctteg

atctecgtece

cgcttegact

ccagccgage

gtccagatce

acgtccacct

gectgagaggt

ggcagcactt

<213> ORGANISM: Humicola insolens

<400> SEQUENCE: 10

Met Arg Ser
1

Val Leu Ala

Cys Lys Pro
35

Val Phe Ser
50

Lys Ser Gly
65

Thr Pro Trp

Ser Ile Ala

Leu Thr Phe

115

Ser Thr Ser

Ser Pro Leu Leu Arg

Leu Ala Ala Asp Gly

20

Ser Cys Gly Trp Ala

40

Cys Asn Ala Asn Phe

55

Cys Glu Pro Gly Gly

70

Ala Val Asn Asp Asp

85

Gly Ser Asn Glu Ala

100

Thr Ser Gly Pro Val

120

Thr Gly Gly Asp Leu

Ser

Arg

Lys

Gln

Val

Phe

Gly

105

Ala

Gly

Ala

10

Ser

Lys

Arg

Ala

Ala
90
Trp

Gly

Ser

Val

Thr

Ala

Ile

Tyr

75

Leu

Cys

Lys

Asn

cecctgecggt
agccttegty
ccaactteca
cctactegty
ctgecaccte
cctteacate
gtgatcttgg
acggatgcac
gcaacgagtg
ggttcaagaa
tegtegeteg
cctecageag
ccaccaccte
gggcteagtg

gcacgaagat

Val Ala Ala

Arg Tyr Trp

Pro Val Asn
45

Thr Asp Phe
60

Ser Cys Ala

Gly Phe Ala

Cys Ala Cys

110

Lys Met Val
125

His Phe Asp

240

gttggccett
cggcetgggcee
gegtatcacg
cgcecgaccag
tattgccgge
cggtectgtt
cagcaaccac
tccecagtte
cgatcggtte
cgccgacaat
caccggatge
caccagctet
gagccegeca
cggeggcaat

taatgactgg

Leu Pro
15

Agsp Cys

Gln Pro

Asp Ala

Asp Gln
80

Ala Thr
95
Tyr Glu

Val Gln

Leu Asn

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

923
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68

130

Ile Pro Gly
145

Gly Gly Leu

Cys Asp Arg

Asp Trp Phe

195

Gln Cys Pro
210

Asp Gly Asn
225

Pro Val Asn

Ser Ser Pro

Arg Trp Ala

275

Val Ala Gly
290

<210> SEQ I
<211> LENGT.
<212> TYPE:

135

Gly Gly Val Gly Ile
150

Pro Gly Gln Arg Tyr

165

Phe Pro Asp Ala Leu

180

Lys Asn Ala Asp Asn

200

Ala Glu Leu Val Ala

215

Phe Pro Ala Val Gln
230

Gln Pro Thr Ser Thr

245

Pro Val Gln Pro Thr

260

Gln Cys Gly Gly Asn

280

Ser Thr Cys Thr Lys

D NO 11
H: 1188
DNA

295

Phe

Gly

Lys

185

Pro

Arg

Ile

Ser

Thr

265

Gly

Ile

Asp

Gly

170

Pro

Ser

Thr

Pro

Thr

250

Pro

Trp

Asn

Gly

155

Ile

Gly

Phe

Gly

Ser

235

Thr

Ser

Ser

Asp

<213> ORGANISM: Myceliopthora thermophila

<400> SEQUENCE: 11

cgacttgaaa

gtggctcaaa

tgtgtgtcgg

geggegtega

ccteegtegt

thggCgCCg

cegtegactt

ttctegatgyg

cgcaacctga

ccgcacaact

ttctggacca

aacgagtaca

ggcatccggg

ggggcctgga

aagatcgtgt

tgcgtcagea

aacggcaagc

geegtcaccy

cgccccaaat

gtggtccgtg

gctaccactyg

caacgctgea

ccaccacctce

agttcgggga

cggcgattca

agcgtetggt

ccgaggtgge

acggccggta

acctggecaa

acacgatgga

cegeeggage

getggaacac

acgagatgca

gcaccatcgg

teggegtect

gectectega

gaagtcctee

gcagcaatgt

cgtctaccag

gacatcgace

gectagcaag

gggcaattac

gacgctcate

gcccaaccag

caacttegtyg

ctacggcaac

gecagttcgee

ccagacccetyg

gacctegcag

gaccaacacc

ccagtaccte

cgceccagege

cggegagtte

ccacctecag

atcctegeca

ggtggcatcg

aacgattggt

acgtccagge

ggcaagctga

cceggectet

aatgatggat

ttgacgtegt

acgaacgcgyg

atcatcacgg

tccaactege

gtgctcaace

tacatctteg

aacatggceg

gactcggaca

gtcgtcggag

geeggegygcey

gacaacagcg

140

Cys Thr Pro

Ser Ser Arg

Cys Tyr Trp

190

Ser Phe Arg
205

Cys Arg Arg
220

Ser Ser Thr

Ser Thr Ser

Gly Cys Thr

270

Gly Cys Thr
285

Trp Tyr His
300

gegtettege
gatggcaagg
acagccagtyg
ccaccgecac
agtggctegg
ggggcaagca
acaacatctt
ccttegacca
gcaagtacgce
acacgaacgce
tegteatett
tcaaccagge
tcgagggcaa
ccctgacgga
getegggeac
ccacccagty
ccaacgcegt

acgtctgget

Gln Phe
160

Asn Glu
175

Arg Phe

Gln Val

Asn Asp

Ser Ser
240

Thr Thr
255

Ala Glu

Thr Cys

Gln Cys

cacgggcgece
atcgaccgac
cgtgectgge
cagcaccgec
cagcaacgag
cttcatcttce
ccggatcgac
gggttaccte
cgtectggac
gttecggace
cgacaccaac
cgccatcgac
cgegtggage
cccgcagaac
ccacgecgag
getecgegece
ctgccageag

gggtgcccte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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-continued

tggtgggcecg cecggtceccetyg gtggggcgac tacatgtact cgttcgagece tecttegggce 1140
accggctatg tcaactacaa ctcgatcttg aagaagtact tgccgtaa 1188
<210> SEQ ID NO 12

<211> LENGTH: 389

<212> TYPE: PRT

<213> ORGANISM: Myceliopthora thermophila

<400> SEQUENCE: 12

Met Lys Ser Ser Ile Leu Ala Ser Val Phe Ala Thr Gly Ala Val Ala
1 5 10 15

Gln Ser Gly Pro Trp Gln Gln Cys Gly Gly Ile Gly Trp Gln Gly Ser
20 25 30

Thr Asp Cys Val Ser Gly Tyr His Cys Val Tyr Gln Asn Asp Trp Tyr
35 40 45

Ser Gln Cys Val Pro Gly Ala Ala Ser Thr Thr Leu Gln Thr Ser Thr
50 55 60

Thr Ser Arg Pro Thr Ala Thr Ser Thr Ala Pro Pro Ser Ser Thr Thr
65 70 75 80

Ser Pro Ser Lys Gly Lys Leu Lys Trp Leu Gly Ser Asn Glu Ser Gly
85 90 95

Ala Glu Phe Gly Glu Gly Asn Tyr Pro Gly Leu Trp Gly Lys His Phe
100 105 110

Ile Phe Pro Ser Thr Ser Ala Ile Gln Thr Leu Ile Asn Asp Gly Tyr
115 120 125

Asn Ile Phe Arg Ile Asp Phe Ser Met Glu Arg Leu Val Pro Asn Gln
130 135 140

Leu Thr Ser Ser Phe Asp Gln Gly Tyr Leu Arg Asn Leu Thr Glu Val
145 150 155 160

Val Asn Phe Val Thr Asn Ala Gly Lys Tyr Ala Val Leu Asp Pro His
165 170 175

Asn Tyr Gly Arg Tyr Tyr Gly Asn Ile Ile Thr Asp Thr Asn Ala Phe
180 185 190

Arg Thr Phe Trp Thr Asn Leu Ala Lys Gln Phe Ala Ser Asn Ser Leu
195 200 205

Val Ile Phe Asp Thr Asn Asn Glu Tyr Asn Thr Met Asp Gln Thr Leu
210 215 220

Val Leu Asn Leu Asn Gln Ala Ala Ile Asp Gly Ile Arg Ala Ala Gly
225 230 235 240

Ala Thr Ser Gln Tyr Ile Phe Val Glu Gly Asn Ala Trp Ser Gly Ala
245 250 255

Trp Ser Trp Asn Thr Thr Asn Thr Asn Met Ala Ala Leu Thr Asp Pro
260 265 270

Gln Asn Lys Ile Val Tyr Glu Met His Gln Tyr Leu Asp Ser Asp Ser
275 280 285

Ser Gly Thr His Ala Glu Cys Val Ser Ser Thr Ile Gly Ala Gln Arg
290 295 300

Val Val Gly Ala Thr Gln Trp Leu Arg Ala Asn Gly Lys Leu Gly Val
305 310 315 320

Leu Gly Glu Phe Ala Gly Gly Ala Asn Ala Val Cys Gln Gln Ala Val
325 330 335

Thr Gly Leu Leu Asp His Leu Gln Asp Asn Ser Asp Val Trp Leu Gly
340 345 350

Ala Leu Trp Trp Ala Ala Gly Pro Trp Trp Gly Asp Tyr Met Tyr Ser
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72

355 360 365

Phe Glu Pro Pro Ser Gly Thr Gly Tyr Val Asn Tyr Asn Ser Ile Leu
370 375 380

Lys Lys Tyr Leu Pro
385

<210> SEQ ID NO 13

<211> LENGTH: 1232

<212> TYPE: DNA

<213> ORGANISM: BASIDIOMYCETE CBS 495.95

<400> SEQUENCE: 13

ggatccactt agtaacggcc gecagtgtge tggaaagcat gaagtctcete ttectgtcac
ttgtagcgac cgtcgegete agetegecag tattetetgt cgecagtetgg gggcaatgeg
geggcattgg cttcagegga agcaccegtcet gtgatgcagg cgecggetgt gtgaagetca
acgactatta ctctcaatge caacccggeg cteccactge tacateccgeg gegccaagta
gcaacgcace gtcceggcact tcgacggect cggeccecte ctecagectt tgetetggea
gecgcacgee gttccagtte tteggtgtca acgaatcegg cgeggagttce ggcaacctga
acatcccegyg tgttetggge accgactaca cctggeegte gecatccage attgacttet
tcatgggcaa gggaatgaat acctteegta ttecgttect catggagegt cttgtcecccce
ctgccactgyg catcacagga cctcetegace agacgtactt gggeggectyg cagacgattg
tcaactacat caccggcaaa ggcggcetttg ctetcattga cecgcacaac tttatgatcet
acaatggcca gacgatctece agtaccageg acttecagaa gttetggeag aacctcegeag
gagtgtttaa atcgaacagt cacgtcatct tcgatgttat gaacgagcct cacgatattce
ccgeccagac cgtgttecaa ctgaaccaag ccgetgtcaa tggeatcegt gegageggtg
cgacgtcgea getcattetg gtegagggea caagetggac tggagectgg acctggacga
cctetggcaa cagcgatgea tteggtgeca ttaaggatece caacaacaac gtcegegatcece
agatgcatca gtacctggat agcgatgget ctggecactte gecagacctge gtgtctcecca
ccatcggtge cgageggttyg caggetgega ctcaatggtt gaagcagaac aacctcaagg
gettectggyg cgagatcegge gecggeteta actcegettyg catcageget gtgecagggtyg
cgttgtgtte gatgcagecaa tctggtgtgt ggeteggege tetetggtgg getgegggece
cgtggtgggyg cgactactac cagtccateg agecgeecte tggeceggeg gtgtcecegega
tcctecegea ggecctgetg cegttegegt aa

<210> SEQ ID NO 14

<211> LENGTH: 397

<212> TYPE: PRT

<213> ORGANISM: BASIDIOMYCETE CBS 495.95

<400> SEQUENCE: 14

Met Lys Ser Leu Phe Leu Ser Leu Val Ala Thr Val Ala Leu Ser Ser
1 5 10 15

Pro Val Phe Ser Val Ala Val Trp Gly Gln Cys Gly Gly Ile Gly Phe
20 25 30

Ser Gly Ser Thr Val Cys Asp Ala Gly Ala Gly Cys Val Lys Leu Asn
35 40 45

Asp Tyr Tyr Ser Gln Cys Gln Pro Gly Ala Pro Thr Ala Thr Ser Ala
50 55 60

Ala Pro Ser Ser Asn Ala Pro Ser Gly Thr Ser Thr Ala Ser Ala Pro

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1232
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65 70 75 80

Ser Ser Ser Leu Cys Ser Gly Ser Arg Thr Pro Phe Gln Phe Phe Gly
85 90 95

Val Asn Glu Ser Gly Ala Glu Phe Gly Asn Leu Asn Ile Pro Gly Val
100 105 110

Leu Gly Thr Asp Tyr Thr Trp Pro Ser Pro Ser Ser Ile Asp Phe Phe
115 120 125

Met Gly Lys Gly Met Asn Thr Phe Arg Ile Pro Phe Leu Met Glu Arg
130 135 140

Leu Val Pro Pro Ala Thr Gly Ile Thr Gly Pro Leu Asp Gln Thr Tyr
145 150 155 160

Leu Gly Gly Leu Gln Thr Ile Val Asn Tyr Ile Thr Gly Lys Gly Gly
165 170 175

Phe Ala Leu Ile Asp Pro His Asn Phe Met Ile Tyr Asn Gly Gln Thr
180 185 190

Ile Ser Ser Thr Ser Asp Phe Gln Lys Phe Trp Gln Asn Leu Ala Gly
195 200 205

Val Phe Lys Ser Asn Ser His Val Ile Phe Asp Val Met Asn Glu Pro
210 215 220

His Asp Ile Pro Ala Gln Thr Val Phe Gln Leu Asn Gln Ala Ala Val
225 230 235 240

Asn Gly Ile Arg Ala Ser Gly Ala Thr Ser Gln Leu Ile Leu Val Glu
245 250 255

Gly Thr Ser Trp Thr Gly Ala Trp Thr Trp Thr Thr Ser Gly Asn Ser
260 265 270

Asp Ala Phe Gly Ala Ile Lys Asp Pro Asn Asn Asn Val Ala Ile Gln
275 280 285

Met His Gln Tyr Leu Asp Ser Asp Gly Ser Gly Thr Ser Gln Thr Cys
290 295 300

Val Ser Pro Thr Ile Gly Ala Glu Arg Leu Gln Ala Ala Thr Gln Trp
305 310 315 320

Leu Lys Gln Asn Asn Leu Lys Gly Phe Leu Gly Glu Ile Gly Ala Gly
325 330 335

Ser Asn Ser Ala Cys Ile Ser Ala Val Gln Gly Ala Leu Cys Ser Met
340 345 350

Gln Gln Ser Gly Val Trp Leu Gly Ala Leu Trp Trp Ala Ala Gly Pro
355 360 365

Trp Trp Gly Asp Tyr Tyr Gln Ser Ile Glu Pro Pro Ser Gly Pro Ala
370 375 380

Val Ser Ala Ile Leu Pro Gln Ala Leu Leu Pro Phe Ala
385 390 395

<210> SEQ ID NO 15

<211> LENGTH: 1303

<212> TYPE: DNA

<213> ORGANISM: BASIDIOMYCETE CBS 495.95

<400> SEQUENCE: 15

ggaaagcgtce agtatggtga aatttgeget tgtggcaact gteggegcaa tcttgagege
ttctgeggee aatgeggett ctatctacca gcaatgtgga ggcattggat ggtcetgggte
cactgtttge gacgcecggte tegettgegt tatcctcaat gegtactact ttcagtgett

gacgccegee gegggccaga caacgacggyg ctegggcegca ceggegtcaa catcaaccte

tcactcaacg gtcactacgg ggagctcaca ctcaacaacce gggacgacgg cgacgaaaac
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76

-continued
aactaccact ccgtcgacca ccacgaccct acccgccate tetgtgtetyg gtcegegtetg 360
ctetggetee aggacgaagt tcaagttett cggtgtgaat gaaagceggeyg ccgaattcegg 420
gaacactgct tggccaggge agctcgggaa agactataca tggecttege ctagcagegt 480
ggactacttc atgggggctg gattcaatac attccgtatce accttettga tggagcgtat 540
gagccecteeyg gctaccggac tcactggece attcaaccag acgtacctgt cgggectcac 600
caccattgte gactacatca cgaacaaagg aggatacgcet cttattgacc cccacaactt 660
catgegttac aacaacggca taatcagcag cacatctgac ttcgcgactt ggtggagcaa 720
tttggccact gtattcaaat ccacgaagaa cgccatctte gacatccaga acgagccgta 780
cggaatcgat gcgcagaccg tatacgaact gaatcaaget gcecatcaatt cgatccgege 840
cgetggeget acgtcacagt tgattctggt tgaaggaacyg tcatacactyg gagcttggac 900
gtgggtcteg tccggaaacyg gagetgettt cgeggecgtt acggatcctt acaacaacac 960
ggcaattgaa atgcaccaat acctcgacag cgacggttct gggacaaacg aagactgtgt 1020
ctecctecace attgggtege aacgtctcca agctgccact gegtggctgce aacaaacagg 1080
actcaaggga ttcctcggag agacgggtgce tgggtcgaat tcccagtgca tcgacgccgt 1140
gttcgatgaa ctttgctata tgcaacagca aggcggctec tggatcggtg cactctggtg 1200
ggctgcgggt ccctggtggg gcacgtacat ttactcgatt gaacctccga gcggtgecge 1260
tatcccagaa gtccttecte agggtcectcecge tccattecte tag 1303

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 16
H: 429
PRT

ISM: BASIDIOMYCETE CBS 495.95

<400> SEQUENCE: 16

Met Val Lys
1

Ser Ala Ala
Trp Ser Gly
35

Asn Ala Tyr
50

Thr Gly Ser
65

Thr Thr Gly

Thr Thr Thr

Gly Arg Val
115

Asn Glu Ser
130

Gly Lys Asp
145

Gly Ala Gly

Ser Pro Pro

Phe Ala Leu Val Ala

Asn Ala Ala Ser Ile

20

Ser Thr Val Cys Asp

40

Tyr Phe Gln Cys Leu

55

Gly Ala Pro Ala Ser

70

Ser Ser His Ser Thr

Pro Ser Thr Thr Thr

100

Cys Ser Gly Ser Arg

120

Gly Ala Glu Phe Gly

135

Tyr Thr Trp Pro Ser
150

Phe Asn Thr Phe Arg

165

Ala Thr Gly Leu Thr

180

Thr

Tyr

25

Ala

Thr

Thr

Thr

Thr

105

Thr

Asn

Pro

Ile

Gly
185

Val

10

Gln

Gly

Pro

Ser

Gly

Leu

Lys

Thr

Ser

Thr
170

Pro

Gly

Gln

Leu

Ala

Thr

75

Thr

Pro

Phe

Ala

Ser
155

Phe

Phe

Ala Ile Leu

Cys Gly Gly

Ala Cys Val

45

Ala Gly Gln
60

Ser His Ser

Thr Ala Thr

Ala Ile Ser
110

Lys Phe Phe
125

Trp Pro Gly
140

Val Asp Tyr

Leu Met Glu

Asn Gln Thr
190

Ser Ala
15

Ile Gly

Ile Leu

Thr Thr

Thr Val
80

Lys Thr
95

Val Ser

Gly Val

Gln Leu

Phe Met
160

Arg Met
175

Tyr Leu
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78

Ser Gly Leu
195

Ala Leu Ile
210

Ser Ser Thr
225

Phe Lys Ser

Gly Ile Asp

Ser Ile Arg

275

Thr Ser Tyr
290

Ala Phe Ala
305

His Gln Tyr

Ser Ser Thr

Gln Gln Thr

355

Asn Ser Gln
370

Gln Gln Gly
385

Trp Trp Gly

Ile Pro Glu

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

Thr Thr Ile Val Asp

200

Asp Pro His Asn Phe

215

Ser Asp Phe Ala Thr
230

Thr Lys Asn Ala Ile

245

Ala Gln Thr Val Tyr

260

Ala Ala Gly Ala Thr

280

Thr Gly Ala Trp Thr

295

Ala Val Thr Asp Pro
310

Leu Asp Ser Asp Gly

325

Ile Gly Ser Gln Arg

340

Gly Leu Lys Gly Phe

360

Cys Ile Asp Ala Val

375

Gly Ser Trp Ile Gly
390

Thr Tyr Ile Tyr Ser

405

Val Leu Pro Gln Gly

420

D NO 17
H: 1580
DNA

<400> SEQUENCE: 17

agcceccagt

getetegeag

cacgacgecg

cgccageace

ggttgaggcc

ggccgacgte

ggcgatccag

cegegactge

caagaccgag

agggaaaggyg

caccccaaca

aacagcaact

gecctcaaga

tcaggcacac

teggeegege

caggcgecga

aacgtttgga

geggtggege

ggcaccttee

gacgtgcect

gcggecaagy

tacatcgaca

ttgactgact

cggegttege

tggacacgtyg

acctcaacct

ttggcatcag

tggcggeact

ggcaggcette

agaagtacac

agatctecgga

tgtggctega

gcgagaacat

cgtccaacgyg

gtgagtgetg

gacacggcge

getggtcate

ctcgageage

gcccaacgty

Tyr

Met

Trp

Phe

Glu

265

Ser

Trp

Tyr

Ser

Leu

345

Leu

Phe

Ala

Ile

Leu
425

Ile

Arg

Trp

Asp

250

Leu

Gln

Val

Asn

Gly

330

Gln

Gly

Asp

Leu

Glu

410

Ala

Thr

Tyr

Ser

235

Ile

Asn

Leu

Ser

Asn

315

Thr

Ala

Glu

Glu

Trp

395

Pro

Pro

atcagcttag

caccgegacyg

agcecggetge

getgcaccee

cceggaccte

ctcgatcgag

cctgggectyg

cgagctcaag

ccececegggt

actgcagaga

gagccggact

gCgthggCt

atcatgtacc

Asn Lys Gly
205

Asn Asn Gly
220

Asn Leu Ala

Gln Asn Glu

Gln Ala Ala
270

Ile Leu Val
285

Ser Gly Asn
300

Thr Ala Ile

Asn Glu Asp

Ala Thr Ala
350

Thr Gly Ala
365

Leu Cys Tyr
380

Trp Ala Ala

Pro Ser Gly

Phe Leu

cagcgectge
gegetegecg
tegtetgegy
aacagctact

gecgecaagg

aacatcggca
gtcatctacg
gtecggegaga
tcgagaagag
tcgtgtegat
cgctgeccaa
accgcgaagg

tcgacgeegy

Gly Tyr

Ile Ile

Thr Val
240

Pro Tyr
255

Ile Asn

Glu Gly

Gly Ala

Glu Met
320

Cys Val
335

Trp Leu

Gly Ser

Met Gln

Gly Pro
400

Ala Ala
415

acagcatgaa
ccecectegece
tcacgctega
accgcaagga
ccaagaaggt
agctggagec
acctgecggy
tcgaccgeta
cgtgggggaa
cctcaaggea
cctggtgace

cgtggettac

ccacggcegge

60

120

180

240

300

360

420

480

540

600

660

720

780
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tggctegget

aacgcegget

tggtgagett

cceececectece

gggcaccagg

gtgccagaac

gcccaaccac

gggtgactgg

tgcacgtegt

tgttctgett

gecgacgegt

tegecgeget

ggcacctgga

gacggtccag

gggacgccaa
cgcccaagea
ttttccatte
cccaagcace
gatcaatcge
gagaagatct
gecategteg
tgcaacgtca
ggtectttte
cctetetagy
tegtgtgggt
acgacagcett
acgaggcecta

catcatcegyg

<210> SEQ ID NO 18
<211> LENGTH: 396

<212> TYPE:

<213> ORGANISM: Thielavia terrestris

PRT

<400> SEQUENCE: 18

cctgcagece

getecgegge

catttcttcet

cactggegtt

ccggegaatt

acgtcagcac

acacgggecg

acggtgcagg

aagcagccgt

ctteggegty

caagccegge

ctgcggcaag

cttecgagatg

Met Lys Leu Ser Gln Ser Ala Ala

1

Leu Ala Ala

Ala Gly Cys

35

Lys Lys Tyr

50

Ala Ala Val

65

Lys Val Ala

Ile Gly Lys

Pro Ser Pro Thr Thr

20

Ser Ser Ala Val Thr

40

Thr Leu His Pro Asn

55

Ala Gln Ile Ser Asp

Asp Val Gly Thr Phe

85

Leu Glu Pro Ala Ile

100

Leu Gly Leu Val Ile Tyr Asp Leu

115

120

Ala Ser Asn Gly Glu Leu Lys Val

130

Glu Tyr Ile

145

Ala Phe Ala

135

Asp Lys Ile Val Ser
150

Leu Val Ile Glu Pro

165

Asn Ser Asn Leu Asp Thr Cys Ser

Gly Val Ala
195

Tyr Leu Asp

210

180

Tyr Ala Leu Lys Asn

200

Ala Gly His Gly Gly

215

Gln Pro Gly Ala Gln Glu Leu Ala

dgcgegeagy

ttctcgacca

tcctettete

ceggettget

ctceccaggeyg

ctteggetee

caacggegte

ttegttgtet

gtttggttgg

cgceccgacga

ggcgagtcgg

gacgacgect

ctgctcaaga

Leu

Pro

25

Leu

Ser

Pro

Leu

Gln

105

Pro

Gly

Ile

Asp

Ser
185
Leu

Trp

Lys

Ala

Gln

Asp

Tyr

Asp

Trp

90

Asp

Gly

Glu

Leu

Ser

170

Ser

Asn

Leu

Ala

Ala

Ala

Ala

Tyr

Leu

75

Leu

Val

Arg

Ile

Lys

155

Leu

Ala

Leu

Gly

Tyr

agctagccaa ggcgtacaag

acgtggeegg
tcttegetee
gactcggect
tccgacgeca
gegetecagt
accggectge
tctttttcte
gggagatgga
gcaacacggg
acggcaccag
tcaagcecte

acgcecgtgee

Leu Thr Ala
Pro Arg Gln
30

Ser Thr Asn
45

Arg Lys Glu
60

Ala Ala Lys

Asp Ser Ile

Pro Cys Glu
110

Asp Cys Ala
125

Asp Arg Tyr
140

Ala His Pro

Pro Asn Leu

Ser Gly Tyr

190

Pro Asn Val
205

Trp Asp Ala
220

Lys Asn Ala

ctggaactce
cactctgeag
cecctttecee
agtacaacaa
cggecggeat
gcaaggagtyg
ctcttttgtt
ctceggetga
cctegagetyg
cgacagcteg
gecegaggece

gtcegttctaa

Thr Ala
15

Ala Ser

Val Trp

Val Glu

Ala Lys

80
Glu Asn
95
Asn Ile
Ala Lys
Lys Thr
Asn Thr

160

Val Thr

175

Arg Glu

Ile Met

Asn Leu

Gly Ser

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1580
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225 230 235 240
Pro Lys Gln Leu Arg Gly Phe Ser Thr Asn Val Ala Gly Trp Asn Ser
245 250 255
Trp Asp Gln Ser Pro Gly Glu Phe Ser Gln Ala Ser Asp Ala Lys Tyr
260 265 270
Asn Lys Cys Gln Asn Glu Lys Ile Tyr Val Ser Thr Phe Gly Ser Ala
275 280 285
Leu Gln Ser Ala Gly Met Pro Asn His Ala Ile Val Asp Thr Gly Arg
290 295 300
Asn Gly Val Thr Gly Leu Arg Lys Glu Trp Gly Asp Trp Cys Asn Val
305 310 315 320
Asn Gly Ala Gly Phe Gly Val Arg Pro Thr Ser Asn Thr Gly Leu Glu
325 330 335
Leu Ala Asp Ala Phe Val Trp Val Lys Pro Gly Gly Glu Ser Asp Gly
340 345 350
Thr Ser Asp Ser Ser Ser Pro Arg Tyr Asp Ser Phe Cys Gly Lys Asp
355 360 365
Asp Ala Phe Lys Pro Ser Pro Glu Ala Gly Thr Trp Asn Glu Ala Tyr
370 375 380
Phe Glu Met Leu Leu Lys Asn Ala Val Pro Ser Phe
385 390 395
<210> SEQ ID NO 19
<211> LENGTH: 1203
<212> TYPE: DNA
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 19
atgaagtacc tcaacctcct cgcagetcete ctegecgteg ctectetete cctegetgea 60
cccagecateg aggccagaca gtcgaacgtce aacccataca tceggcaagag cccgetegtt 120
attaggtcgt acgcccaaaa gettgaggag accgtcagga ccttecagea acgtggcgac 180
cagctcaacg ctgcgaggac acggacggtg cagaacgttyg cgactttege ctggatcteg 240
gataccaatyg gtattggagc cattcgacct ctcatccaag atgctctege ccagcagget 300
cgcactggac agaaggtcat cgtccaaatc gtegtctaca acctcccaga tcgegactge 360
tctgecaacyg cctegactgg agagttcace gtaggaaacyg acggtctcaa ccgatacaag 420
aactttgtca acaccatcgc ccgcgagete tegactgetyg acgctgacaa gctccacttt 480
geectectee tegaacccga cgcacttgcece aacctegtca ccaacgcgaa tgceccccagg 540
tgccgaateg ccgceteccge ttacaaggag ggtatcegect acaccctege caccttgtcece 600
aagcccaacg tcgacgtcecta catcgacgece gecaacggtyg getggetegyg ctggaacgac 660
aacctccgee ccttegecga actcttcaag gaagtctacyg acctegcecceyg ccgcatcaac 720
cccaacgceca aggtecgegg cgtcceegte aacgtcteca actacaacca gtaccgeget 780
gaagtcegeyg agececttcac cgagtggaag gacgectggg acgagagecg ctacgtcaac 840
gtectcacee cgcacctcaa cgcegtegge tteteegege acttcategt tgaccaggga 900
cgeggtggea agggeggtat caggacggag tggggccagt ggtgcaacgt taggaacgcet 960
gggttcggta tcaggcctac tgcggatcag ggcgtgctec agaacccgaa tgtggatgeg 1020
attgtgtggg ttaagccggg tggagagtcg gatggcacga gtgatttgaa ctcgaacagg 1080
tatgatccta cgtgcaggag tccggtggceg catgtteccg ctectgagge tggccagtgg 1140
ttcaacgagt atgttgttaa cctcgttttg aacgctaacc cccctecttga gectacctgg 1200
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<210> SEQ ID NO 20

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 20

Met Lys Tyr Leu Asn Leu Leu Ala Ala Leu Leu Ala Val Ala Pro Leu
1 5 10 15

Ser Leu Ala Ala Pro Ser Ile Glu Ala Arg Gln Ser Asn Val Asn Pro
20 25 30

Tyr Ile Gly Lys Ser Pro Leu Val Ile Arg Ser Tyr Ala Gln Lys Leu
35 40 45

Glu Glu Thr Val Arg Thr Phe Gln Gln Arg Gly Asp Gln Leu Asn Ala
50 55 60

Ala Arg Thr Arg Thr Val Gln Asn Val Ala Thr Phe Ala Trp Ile Ser
65 70 75 80

Asp Thr Asn Gly Ile Gly Ala Ile Arg Pro Leu Ile Gln Asp Ala Leu
85 90 95

Ala Gln Gln Ala Arg Thr Gly Gln Lys Val Ile Val Gln Ile Val Val
100 105 110

Tyr Asn Leu Pro Asp Arg Asp Cys Ser Ala Asn Ala Ser Thr Gly Glu
115 120 125

Phe Thr Val Gly Asn Asp Gly Leu Asn Arg Tyr Lys Asn Phe Val Asn
130 135 140

Thr Ile Ala Arg Glu Leu Ser Thr Ala Asp Ala Asp Lys Leu His Phe
145 150 155 160

Ala Leu Leu Leu Glu Pro Asp Ala Leu Ala Asn Leu Val Thr Asn Ala
165 170 175

Asn Ala Pro Arg Cys Arg Ile Ala Ala Pro Ala Tyr Lys Glu Gly Ile
180 185 190

Ala Tyr Thr Leu Ala Thr Leu Ser Lys Pro Asn Val Asp Val Tyr Ile
195 200 205

Asp Ala Ala Asn Gly Gly Trp Leu Gly Trp Asn Asp Asn Leu Arg Pro
210 215 220

Phe Ala Glu Leu Phe Lys Glu Val Tyr Asp Leu Ala Arg Arg Ile Asn
225 230 235 240

Pro Asn Ala Lys Val Arg Gly Val Pro Val Asn Val Ser Asn Tyr Asn
245 250 255

Gln Tyr Arg Ala Glu Val Arg Glu Pro Phe Thr Glu Trp Lys Asp Ala
260 265 270

Trp Asp Glu Ser Arg Tyr Val Asn Val Leu Thr Pro His Leu Asn Ala
275 280 285

Val Gly Phe Ser Ala His Phe Ile Val Asp Gln Gly Arg Gly Gly Lys
290 295 300

Gly Gly Ile Arg Thr Glu Trp Gly Gln Trp Cys Asn Val Arg Asn Ala
305 310 315 320

Gly Phe Gly Ile Arg Pro Thr Ala Asp Gln Gly Val Leu Gln Asn Pro
325 330 335

Asn Val Asp Ala Ile Val Trp Val Lys Pro Gly Gly Glu Ser Asp Gly
340 345 350

Thr Ser Asp Leu Asn Ser Asn Arg Tyr Asp Pro Thr Cys Arg Ser Pro
355 360 365
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Val Ala His Val Pro Ala Pro Glu Ala Gly Gln

370

375

Val Val Asn Leu Val Leu Asn Ala Asn Pro Pro
390

385

<210> SEQ ID NO 21
<211> LENGTH: 1501

<212> TYPE:

DNA

395

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 21

geegttgtea

ctceeetttyg

ccaacgtgga

gactggaact

ggggtcgacc

ggcgtcaact

tatttcaagg

tcggatggaa

ctectecacge

ggtggcagga

cagtgtcceg

tgcaacgaga

tgcgccaacy

aagagctact

cgctteatca

gtgcagaatg

ggctgcacct

ggcatggtgc

agcggcaaca

tacccggaca

caggtctegyg

acctcgacca

ggcggaatcg

cctacgeagt

cecctggtact

g

agatgggcca

tgaaggctca

agtgcacgac

accgttggat

acacgetgtyg

acacgagcag

ggagcaacgg

actacgtaat

tccectgegy

accagtacaa

tgcagacgtyg

tggacatcct

gcagctgega

acggaccggyg

ccgacgacgg

gcaagacggt

cggeccagge

tgaccttecag

acggceegty

cccacgtggt

daggcggeaa

cgaccaccac

gggtacgtca

ggactggace

accagtgect

<210> SEQ ID NO 22
<211> LENGTH: 464

<212> TYPE:

PRT

gaagacgctyg
gcagceegge
cgeceggegyge
ccacaatgec
tccagatgag
cggtgteace
gcagaccaac
gctcaagety
cgagaacgge
caccggeggt
gatgaacggce
cgaggccaac
caagagcggyg
cctecacggtt
cacgaccage
cgegtegget
gttcggeggy
catctggaac
cagcagcacc
cttetecaac
cggcggeteg
caccgececeyg
accgectect
gaccgtctge

ctaaagtatt

cacggatteg

aacttcacge

tgcgttcage

gacggcaccyg

gegacctgeyg

acatccggea

agcgtttege

cteggecagyg

gegetgtace

gccaactacyg

acgctgaaca

tccegegeca

tgcggactca

gacacgtcga

ggcaccctca

gegteeggag

ctggccaaca

gacgctgggy

gagggcaace

atcecgetggyg

accaccacca

acggccactyg

gecattetgtt

gaatcgcegt

gcagtgaage

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 22

Trp Phe Asn Glu Tyr

380

Leu Glu Pro Thr Trp

cegecacgge

cggaggtgca

aggacacttce

cctegtgeac

cgaagaactyg

gttegetgac

ctcgtetceta

agctgagett

tgtccgagat

getegggeta

ccaacgggca

acgcgatgac

accecctacge

agccctteac

accagatcca

gcgacatcat

tgggegegge

gctacatgaa

cgtccaacat

gagacatcgg

cgtecgaccac

ccacgcactyg

gaggaagtta

acgcatgcaa

catactcegt

400

tttggcegtt

ccecgcaactyg

ggtggtgctc

gacgtccage

cttegtggaa

gatgaggcag

cctgetegge

cgatgtcgat

ggacgcgace

ctgtgacgee

gggctactge

acctcaccce

cgagggctac

catcattacc

geggatctat

cacggcatce

gCttggang

ctggctegac

cctggecaac

ctcgacggte

cacgctgagyg

gggacaatgce

actaacgtgyg

ggagctgaac

geteggeatyg

Met Gly Gln Lys Thr Leu His Gly Phe Ala Ala Thr Ala Leu Ala Val

1

5

10

15

Leu Pro Phe Val Lys Ala Gln Gln Pro Gly Asn Phe Thr Pro Glu Val

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1501
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88

Gln

Asn

65

Thr

Gly

Thr

Ser

Lys

145

Pro

Gly

Tyr

Asn

Ala

225

Ser

Lys

Thr

Leu

Ser

305

Ala

Gly

Asn

Asn

Ser
385
Gly

Thr

Trp

Pro

Gln

50

Ala

Leu

Val

Met

Pro

130

Leu

Cys

Gly

Cys

Thr

210

Asn

Cys

Ser

Ile

Asn

290

Ala

Gln

Met

Trp

Pro

370

Asn

Gly

Ser

Gly

Gln

35

Asp

Asp

Cys

Asn

Arg

115

Arg

Leu

Gly

Arg

Asp

195

Asn

Ser

Asp

Tyr

Ile

275

Gln

Ala

Ala

Val

Leu

355

Ser

Ile

Asn

Thr

Gln
435

20

Leu

Thr

Gly

Pro

Tyr

100

Gln

Leu

Gly

Glu

Asn

180

Ala

Gly

Arg

Lys

Tyr

260

Thr

Ile

Ser

Phe

Leu

340

Asp

Asn

Arg

Gly

Thr
420

Cys

Pro

Ser

Thr

Asp

Thr

Tyr

Tyr

Gln

Asn

165

Gln

Gln

Gln

Ala

Ser

245

Gly

Arg

Gln

Gly

Gly

325

Thr

Ser

Ile

Trp

Gly

405

Thr

Gly

Thr

Val

Ala

70

Glu

Ser

Phe

Leu

Glu

150

Gly

Tyr

Cys

Gly

Asn

230

Gly

Pro

Phe

Arg

Gly

310

Gly

Phe

Gly

Leu

Gly
390
Ser

Thr

Gly

Trp

Val

55

Ser

Ala

Ser

Lys

Leu

135

Leu

Ala

Asn

Pro

Tyr

215

Ala

Cys

Gly

Ile

Ile

295

Asp

Leu

Ser

Asn

Ala

375

Asp

Thr

Thr

Ile

Lys

40

Leu

Cys

Thr

Gly

Gly

120

Gly

Ser

Leu

Thr

Val

200

Cys

Met

Gly

Leu

Thr

280

Tyr

Ile

Ala

Ile

Asn

360

Asn

Ile

Thr

Thr

Gly
440

25

Cys

Asp

Thr

Cys

Val

105

Ser

Ser

Phe

Tyr

Gly

185

Gln

Cys

Thr

Leu

Thr

265

Asp

Val

Ile

Asn

Trp

345

Gly

Tyr

Gly

Thr

Ala
425

Trp

Thr

Trp

Thr

Ala

Thr

Asn

Asp

Asp

Leu

170

Gly

Thr

Asn

Pro

Asn

250

Val

Asp

Gln

Thr

Met

330

Asn

Pro

Pro

Ser

Thr
410

Pro

Thr

Thr

Asn

Ser

75

Lys

Thr

Gly

Gly

Val

155

Ser

Ala

Trp

Glu

His

235

Pro

Asp

Gly

Asn

Ala

315

Gly

Asp

Cys

Asp

Thr
395
Ser

Thr

Gly

Ala

Tyr

60

Ser

Asn

Ser

Gln

Asn

140

Asp

Glu

Asn

Met

Met

220

Pro

Tyr

Thr

Thr

Gly

300

Ser

Ala

Ala

Ser

Thr

380

Val

Thr

Ala

Pro

Gly

45

Arg

Gly

Cys

Gly

Thr

125

Tyr

Leu

Met

Tyr

Asn

205

Asp

Cys

Ala

Ser

Thr

285

Lys

Gly

Ala

Gly

Ser

365

His

Gln

Thr

Thr

Thr
445

30

Gly

Trp

Val

Phe

Ser

110

Asn

Val

Ser

Asp

Gly

190

Gly

Ile

Ala

Glu

Lys

270

Ser

Thr

Cys

Leu

Gly

350

Thr

Val

Val

Thr

Ala
430

Val

Cys

Ile

Asp

Val

Ser

Ser

Met

Thr

Ala

175

Ser

Thr

Leu

Asn

Gly

255

Pro

Gly

Val

Thr

Gly

335

Tyr

Glu

Val

Ser

Leu
415

Thr

Cys

Val

His

His

80

Glu

Leu

Val

Leu

Leu

160

Thr

Gly

Leu

Glu

Gly

240

Tyr

Phe

Thr

Ala

Ser

320

Arg

Met

Gly

Phe

Gly
400
Arg

His

Glu
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Ser Pro Tyr Ala Cys Lys Glu Leu Asn Pro Trp Tyr Tyr Gln Cys Leu

450

<210> SEQ ID NO 23
<211> LENGTH: 1368

<212> TYPE:

DNA

455

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 23

accgatcege

gCtggCCgCg

gcagaagtge

gtcegegege

cectgtgeteg

ggcccacgge

cgacggcace

ctacgaggac

cgtetgegge

ccegetgaac

gttggacttt

tttetgaceyg

acgagatgga

acgcgacgeg

gcgacgaatyg

gcaacctgac

acgggeggge

tgatccagaa

tctgcaacge

ccateggecyg

actggctega

tcctgeagea

gcagcacgta

tcgaagatgg
geccagcaga
actcteegeg
tcgetgeaca
gacgcgaagt
gtggcgacca
tacaggaccyg
ttcaagctge
atgaacggceg
ccggegggey
atcaacggceg
gaatccgece
catctgggag
ggtgtacaag
ggggtgcteg
ggtggacacg
ggacggcgag
ccacgeggte
gacggccace
cggcatggtg
cagcggcaac
gcaccceggac

caagagcgag

<210> SEQ ID NO 24
<211> LENGTH: 423

<212> TYPE

PRT

cgcccaagte

tcggcaaage

gcgggtgcaa

aggtcgggga

cgtgceggcaa

agggcgacgc

tctegeegeyg

tcaacgccga

ccctgtactt

ccacgtacgg

aggtatttet

tcttagetca

gccaacgege

tgcgacacgg

tacaacccgt

aaccgcaagt

ctgaccgaga

acggegggey

tggacgcage

ctcatcttca

geegggeect

gccagegtcea

tgcagccact

tacagttctg
cgtgcccgag
gectgteege
ccccaacace
gaactgcgeyg
cctecacgetyg
cgtataccte
gctecagette
ctcecgagatg
cacgggctac
tctetettet
acaccaacca
tggcgcagge
cggacgagtg
ccaacttegyg
tcacggtgac
tceggegget
gggcgacgta
agceggggegy
geetgtgggt
gcaacgccac

ccttctecaa

agagtagagc

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 24

Met Ala Pro

1

Ala Ala Ala

Leu Thr Thr

35

Thr Ser Val

50

Lys Ser Thr Val Leu

Gln Gln Ile Gly Lys

20

Gln Lys Cys Thr Leu

40

Val Leu Asp Ser Ser

55

Asp Pro Asn Thr Ser Cys Ser Val

Ala Ala Trp
10

Ala Val Pro
25
Arg Gly Gly

Ala Arg Ser

Gly Gly Asp

460

geegectgge
gtccacceca
acctcggteg
agctgcageg
ctcgagggcyg
caccagtgge
ctgggcgagyg
gacgtcgacg
gagatggacg
tgcgacgege
gtttttettt
cacgtacggyg
gctcacgecg
cgggcagecg
ggtcaaggac
gacgcagtte
gtacgtgcag
cgacagcatce
getegegege
tgacaacggce
cgagggcgac
catccgatgyg

ttgtaatt

Leu Leu Ser
Glu Val His
30

Cys Lys Pro
45

Leu His Lys
60

Leu Cys Ser

tgctctecte
aactgacaac
tgctcgacte
teggeggega
tcgactacge
tcaaggggge
acgggaagaa
tgtcccaget
geggecgeag
agtgccccaa
tccategett
gegtgetgea
cacccgtgea
gtgggegtgt
tactacggge
gtgacgtcca
gacggegtgg
acggacggcet
atgggcgagg
ggcttcatga
ceggeectga

ggcgagatcg

Ser Leu

15

Pro Lys

Val Arg

Val Gly

Asp Ala

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1368
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-continued

92

65 70

Lys Ser Cys Gly Lys Asn Cys Ala Leu
85

His Gly Val Ala Thr Lys Gly Asp Ala
100 105

Lys Gly Ala Asp Gly Thr Tyr Arg Thr
115 120

Leu Gly Glu Asp Gly Lys Asn Tyr Glu
130 135

Glu Leu Ser Phe Asp Val Asp Val Ser
145 150

Gly Ala Leu Tyr Phe Ser Glu Met Glu
165

Leu Asn Pro Ala Gly Ala Thr Tyr Gly
180 185

Cys Pro Lys Leu Asp Phe Ile Asn Gly
195 200

Tyr Gly Ala Cys Cys Asn Glu Met Asp
210 215

Ala Gln Ala Leu Thr Pro His Pro Cys
225 230

Cys Asp Thr Ala Asp Glu Cys Gly Gln
245

Trp Gly Cys Ser Tyr Asn Pro Ser Asn
260 265

Gly Arg Asn Leu Thr Val Asp Thr Asn
275 280

Gln Phe Val Thr Ser Asn Gly Arg Ala
290 295

Arg Arg Leu Tyr Val Gln Asp Gly Val
305 310

Thr Ala Gly Gly Ala Thr Tyr Asp Ser
325

Ala Thr Ala Thr Trp Thr Gln Gln Arg
340 345

Glu Ala Ile Gly Arg Gly Met Val Leu
355 360

Asn Gly Gly Phe Met Asn Trp Leu Asp
370 375

Asn Ala Thr Glu Gly Asp Pro Ala Leu
385 390

Ala Ser Val Thr Phe Ser Asn Ile Arg
405

Tyr Lys Ser Glu Cys Ser His
420

<210> SEQ ID NO 25

<211> LENGTH: 1011

<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 25

atgaccctac ggcteectgt catcagectg ctggectege tggecagecagg cgecgtegte

gteccacggyg cggagtttea ccccectete ccgacttgga aatgcacgac ctecggggge

Glu

90

Leu

Val

Asp

Gln

Met

170

Thr

Glu

Ile

Asn

Pro

250

Phe

Arg

Asp

Val

Ile

330

Gly

Ile

Ser

Ile

Trp
410

75

Gly

Thr

Ser

Phe

Leu

155

Asp

Gly

Leu

Trp

Ala

235

Val

Gly

Lys

Gly

Ile

315

Thr

Gly

Phe

Gly

Leu

395

Gly

Val

Leu

Pro

Lys

140

Val

Gly

Tyr

Asn

Glu

220

Thr

Gly

Val

Phe

Glu

300

Gln

Asp

Leu

Ser

Asn

380

Gln

Glu

Asp

His

Arg

125

Leu

Cys

Gly

Cys

Thr

205

Ala

Arg

Val

Lys

Thr

285

Leu

Asn

Gly

Ala

Leu

365

Ala

Gln

Ile

Tyr

Gln

110

Val

Leu

Gly

Arg

Asp

190

Asn

Asn

Val

Cys

Asp

270

Val

Thr

His

Phe

Arg

350

Trp

Gly

His

Gly

Ala

95

Trp

Tyr

Asn

Met

Ser

175

Ala

His

Ala

Tyr

Asp

255

Tyr

Thr

Glu

Ala

Cys

335

Met

Val

Pro

Pro

Ser
415

80

Ala

Leu

Leu

Ala

Asn

160

Pro

Gln

Thr

Leu

Lys

240

Glu

Tyr

Thr

Ile

Val

320

Asn

Gly

Asp

Cys

Asp

400

Thr

60

120
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94

-continued
tgcgtgcage agaacaccag cgtegtectg gaccgtgact cgaagtacge cgcacacagce 180
gecggetege ggacggaatce ggattacgeg gcaatgggag tgtccactte gggcaatgec 240
gtgacgctgt accactacgt caagaccaac ggcacccteg teccegette geecgegeatc 300
tacctectgyg gegeggacgg caagtacgtg cttatggace tectcaacca ggagetgteg 360
gtggacgtceg acttctegge getgeegtge ggcgagaacg gggecttceta cctgtecgag 420
atggeggegg acgggcegggyg cgacgcegggg gegggcgacg ggtactgega cgcgcagtge 480
cagggctact gctgcaacga gatggacate ctegaggeca actegatgge gacggcecatg 540
acgccgcace cgtgcaaggg caacaactge gaccgcageg getgeggeta caacccegtac 600
gecageggee agegeggett ctacgggece ggcaagacgg tcgacacgag caagecctte 660
accgtegtca cgcagttege cgecagegge ggcaagetga cccagatcac ccgcaagtac 720
atccagaacyg gccgggagat cggeggegge ggcaccatet ccagetgegg ctecgagtet 780
tcgacgggeg gectgacegg catgggegag gegetgggge geggaatggt getggecatg 840
agcatctgga acgacgegge ccaggagatg gecatggeteg atgecggcaa caacggecct 900
tgcgccagtyg gccagggeag cccgteegte attcagtege agcatccega cacccacgte 960
gtcttcteca acatcaggtg gggcgacatc gggtctacca cgaagaacta g 1011

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

D NO 26
H: 336
PRT

<400> SEQUENCE: 26

Met Thr Leu
1

Gly Ala Val
Trp Lys Cys
35

Val Leu Asp
50

Thr Glu Ser

Val Thr Leu

Ser Pro Arg

Asp Leu Leu
115

Pro Cys Gly
130

Gly Arg Gly
145

Gln Gly Tyr

Ala Thr Ala

Ser Gly Cys

195

Gly Pro Gly

Arg Leu Pro Val Ile

Val Val Pro Arg Ala

20

Thr Thr Ser Gly Gly

40

Arg Asp Ser Lys Tyr

55

Asp Tyr Ala Ala Met

70

Tyr His Tyr Val Lys

85

Ile Tyr Leu Leu Gly

100

Asn Gln Glu Leu Ser

120

Glu Asn Gly Ala Phe

135

Asp Ala Gly Ala Gly
150

Cys Cys Asn Glu Met

165

Met Thr Pro His Pro

180

Gly Tyr Asn Pro Tyr

200

Lys Thr Val Asp Thr

Ser

Glu

25

Cys

Ala

Gly

Thr

Ala

105

Val

Tyr

Asp

Asp

Cys

185

Ala

Ser

Leu

10

Phe

Val

Ala

Val

Asn

90

Asp

Asp

Leu

Gly

Ile
170
Lys

Ser

Lys

Leu

His

Gln

His

Ser

75

Gly

Gly

Val

Ser

Tyr

155

Leu

Gly

Gly

Pro

Ala Ser Leu
Pro Pro Leu
30

Gln Asn Thr
45

Ser Ala Gly

Thr Ser Gly

Thr Leu Val

Lys Tyr Val
110

Asp Phe Ser
125

Glu Met Ala
140

Cys Asp Ala

Glu Ala Asn

Asn Asn Cys

190

Gln Arg Gly
205

Phe Thr Val

Ala Ala
15

Pro Thr

Ser Val

Ser Arg

Asn Ala

80

Pro Ala
95

Leu Met

Ala Leu

Ala Asp

Gln Cys
160

Ser Met
175
Asp Arg

Phe Tyr

Val Thr
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-continued

96

210

Gln Phe Ala
225

Ile Gln Asn

Gly Ser Glu

Gly Arg Gly

275

Glu Met Ala
290

Gln Gly Ser
305

Val Phe Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

215

Ala Ser Gly Gly Lys
230

Gly Arg Glu Ile Gly

245

Ser Ser Thr Gly Gly

260

Met Val Leu Ala Met

280

Trp Leu Asp Ala Gly

295

Pro Ser Val Ile Gln
310

Asn Ile Arg Trp Gly

325
D NO 27
H: 1480

DNA

Leu

Gly

Leu

265

Ser

Asn

Ser

Asp

Thr

Gly

250

Thr

Ile

Asn

Gln

Ile
330

Gln

235

Gly

Gly

Trp

Gly

His

315

Gly

<213> ORGANISM: Cladorrhinum foecundissimum

<400> SEQUENCE: 27

gatccgaatt

caagttegec

cgtegtecce

ccagaccgte

cgaccettec

tgagaactgc

cgcectaact

tactcccegt

ggctaaggag

tttctacttyg

cgagtatggt

ggccaacatce

ctegegegec

aggcgaagac

cgagtacaaa

ctccaagaag

cctegtegag

ccaggttgag

ttctttcacc

ggtgctggtt

gggtaatggc

ggatgctagg

gggtgggaag

gtgtgaagag

cctecteteg

ctccteaceyg

gagtctcace

gacacctecca

acteccttgeg

gegetegagg

ctcaaccagt

acttaccttg

atctegtttyg

tctgagatgt

accggttact

gaccaaaagc

aagacctteg

gagtgcggcee

tggggcgtcg

ttcaccgtca

atcecgeeget

gagaactaca

atgcagcgeg

ttcagcatct

ccttgeageg

gttacgttet

tgcggtgtta

aggaggaggt

ttetttagte

gectegecge

ccaagcettee

tcgtcatega

ththgng

gtgtcgacta

ggatgcccga

ttgctgagga

atgccgatgt

tgatggatgg

gtgatgcgca

acggcgectyg

tccceccaccee

agccegtegyg

agtcctteta

ccacgcagtt

tgtggcacca

gcacggactce

gtggtctcaa

gggcggatga

cgactgaggg

caaacattag

agagcagggt

gttgttgggy

acagaccaga

ctcectegea

caccaagcge

cgecttecag

cectetetge

tgcctectygy

cceggegaac

cggcaagaac

cagcaacctt

tggacgtggc

gtgcttcaag

ctgcaacgaa

ctgcaacatc

cgtgtgcegac

¢ggeegggge

cctgaccgac

ggatggcaag

ggtgagcace

ggcgatggge

ttegggtttt

cgatccgaag

gattggtgag

tgctaggggg

gttggagatg

220

Ile Thr Arg

Thr Ile Ser

Met Gly Glu

270

Asn Asp Ala
285

Pro Cys Ala
300

Pro Asp Thr

Ser Thr Thr

catctgeeca
tctgcccage
tgcactcteg
cgtecectee
cccgacgeca
ggcatcaaga
cctggecagt
tacgaggatg
cecctgeggea
gacctcaacce
ttggatttca
atggacattt
acgcaggtet
aagtgggggt
tcgcagtteg
aacggcaagg
ctgatcaaga
gagttctgeg
gaggctatcg
atgaactggt
gagattgtca
gttggtagca
cttactgett

ataattgggce

Lys Tyr
240

Ser Cys
255

Ala Leu

Ala Gln

Ser Gly

His Val

320

Lys Asn
335

cgatggttca
agatcggcac
ceggtggetyg
acaagatcgg
agtcctgege
ccgagggega
acaagacgac
tgaagctect
tgaacggtge
ctgetggtge
tcaacggcga
tcgaatccaa
acaagtgcga
geggettcaa
ccatcgactce
aggacggegt
acaccgctat
agaagactgce
gtegtggtat
tggatgcgga
agaataagcc

cgtatgetee

cttaaggggg

gagatggtgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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agagcgggtt ggttggatat gaatacgttg aattggatgt

<210> SEQ ID NO 28

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Cladorrhinum foecundissimum

PRT

<400> SEQUENCE:

Met Val His Lys

1

Ser

Pro

Ser

Pro

65

Ser

Gly

Asp

Leu

Lys

145

Asn

Asp

Gln

Lys

Arg

225

Lys

Lys

Tyr

Thr

Glu

Lys

Ala

Thr

Ile

50

Ser

Cys

Ile

Pro

Val

130

Glu

Gly

Leu

Cys

His

210

Ala

Cys

Trp

Gly

Thr

290

Glu

Ala

Phe

Ala

Gln

Lys

35

Val

Thr

Ala

Lys

Ala

115

Ala

Ile

Ala

Asn

Phe

195

Gly

Lys

Glu

Gly

Arg

275

Thr

Ile

Ile

Cys

Met
355

Gln

20

Arg

Ile

Pro

Glu

Thr

100

Asn

Glu

Ser

Phe

Pro

180

Lys

Ala

Thr

Gly

Cys

260

Gly

Gln

Arg

Gln

Glu
340

Gly

440

28

Phe Ala

Ile Gly

Cys Thr

Asp Ala

Cys Val
70

Asn Cys
85

Glu Gly

Pro Gly

Asp Gly

Phe Asp
150

Tyr Leu
165

Ala Gly

Leu Asp

Cys Cys

Phe Val
230

Glu Asp
245

Gly Phe

Ser Gln

Phe Leu
Arg Leu
310

Val Glu
325

Lys Thr

Glu Ala

Leu

Thr

Leu

Phe

55

Val

Ala

Asp

Gln

Lys

135

Ala

Ser

Ala

Phe

Asn

215

Pro

Glu

Asn

Phe

Thr

295

Trp

Glu

Ala

Ile

Leu

Val

Ala

40

Gln

Gly

Leu

Ala

Tyr

120

Asn

Asp

Glu

Glu

Ile

200

Glu

His

Cys

Glu

Ala

280

Asp

His

Asn

Ser

Gly
360

Thr

Val

Gly

Arg

Gly

Glu

Leu

105

Lys

Tyr

Val

Met

Tyr

185

Asn

Met

Pro

Gly

Tyr

265

Ile

Asn

Gln

Tyr

Phe

345

Arg

Gly

10

Pro

Gly

Pro

Pro

Gly

90

Thr

Thr

Glu

Ser

Leu

170

Gly

Gly

Asp

Cys

Gln

250

Lys

Asp

Gly

Asp

Ser
330

Thr

Gly

Leu

Glu

Cys

Leu

Leu

75

Val

Leu

Thr

Asp

Asn

155

Met

Thr

Glu

Ile

Asn

235

Pro

Trp

Ser

Lys

Gly

315

Thr

Met

Met

Ala

Ser

Gln

His

60

Cys

Asp

Asn

Thr

Val

140

Leu

Asp

Gly

Ala

Phe

220

Ile

Val

Gly

Ser

Glu

300

Lys

Asp

Gln

Val

Ala

His

Thr

45

Lys

Pro

Tyr

Gln

Pro

125

Lys

Pro

Gly

Tyr

Asn

205

Glu

Thr

Gly

Val

Lys

285

Asp

Leu

Ser

Arg

Leu
365

Ser

Pro

30

Val

Ile

Asp

Ala

Trp

110

Arg

Leu

Cys

Gly

Cys

190

Ile

Ser

Gln

Val

Glu

270

Lys

Gly

Ile

Val

Gly
350

Val

Leu

15

Lys

Asp

Gly

Ala

Ser

95

Met

Thr

Leu

Gly

Arg

175

Asp

Asp

Asn

Val

Cys

255

Ser

Phe

Val

Lys

Ser

335

Gly

Phe

Ala

Leu

Thr

Asp

Lys

80

Trp

Pro

Tyr

Ala

Met

160

Gly

Ala

Gln

Ser

Tyr

240

Asp

Phe

Thr

Leu

Asn
320
Thr

Leu

Ser

1480
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100

Ile Trp Ala
370

Asn Gly Pro
385

Asn Lys Pro

Val Gly Ser

Val Ala Arg
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Asp Ser Gly Phe

375

Cys Ser Ala Thr Glu
390

Asp Ala Arg Val Thr

405

Thr Tyr Ala Pro Gly

420

Gly Leu Thr Ala Ser

D NO 29
H: 1380
DNA

440

<213> ORGANISM: Trichoderma rees

<400> SEQUE:

atggcgeect

geegeccage

tgtacaaagt

cgctggatge

ctectgeectyg

gCCthggCg

tctggegget

gtgatgctga

tgtggagaga

tataacacgg

acatggagga

atcctggagyg

tgcgactetyg

cceggagata

aacggctege

gacatcccca

tacggeggec

atttggaacg

agcagcaccg

ttctccaaca

cegectgegt

ccgagetgea

acgtgcacgt

<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 29

cagttacact

aaccgggtac

ccggggggty

acgacgcaaa

acgaggcgac

tcacgaccte

acagcagegt

agctcaacgg

acggcteget

ceggtgecaa

acggcaccct

gcaactcgag

Cngtthgg

cegttgacac

cctegggeaa

gegeccagece

tcgecaccat

acaacagcca

agggcaaccc

tCCgCtgggg

ccagcacgac

cgcagactca

cgggcactac

D NO 30

H: 459
PRT

geegttgace

cagcaccccce

cgtggeccag

ctacaactcg

ctgtggcaag

gggcagcagc

ctctectegy

ccaggagetyg

ctacctgtet

ctacgggage

caacactagc

ggcgaatgee

cttcaacccce

ctccaagacce

ccttgtgage

cggcggcgac

gggcaaggcc

gtacatgaac

atccaacatc

agacattggg

gttttegact

ctgggggcag

gtgccagtat

Met Asn Trp
Gly Asp Pro
395

Phe Ser Asn
410

Gly Lys Cys
425

ei

acggccatce
gaggtccate
gacacctegyg
tgcaccgtca
aactgcttca
ctcaccatga
ctgtatctee
agcttegacyg
cagatggacg
ggctactgeyg
caccagggcet
ttgaccccte
tatggcageg
ttcaccatca
atcacccgea
accatctegt
ctgagcageg
tggctegaca
ctggccaaca
tctactacga
acacggagga
tgcggtggcea

agcaacgact

<213> ORGANISM: Trichoderma reeseil

<400> SEQUE:

NCE: 30

Leu Asp Ala
380

Lys Glu Ile

Ile Arg Ile

Gly Val Lys
430

tggccattge
ccaagttgac
tggtccttga
acggcggegt
tegagggegt
accagtacat
tggactctga
tcgacctete
agaacggggy
atgctcagtyg
tctgctgeaa
actcttgeac
gctacaaaag
tcacccagtt
agtaccagca
cctgecegte
gecatggtgcet
geggcaacgce
accccaacac
actcgactge
getegacgac
ttgggtacag

actactcgca

Glu Gly
Val Lys
400

Gly Glu
415

Ser Arg

ceggetegte
aacctacaag
ctggaactac
caacaccacg
cgactacgee
geccagecage
cggtgagtac
tgctctgeey
cgccaaccag
ccecegtecag
cgagatggat
ggccacggece
ctactacgge
caacacggac
aaacggegtce
cgecteagece
cgtgttcage
cggecectge
gcacgtegte
gececegece
ttcgagcage
cgggtgcaag

atgcctttag

Met Ala Pro Ser Val Thr Leu Pro Leu Thr Thr Ala Ile Leu Ala Ile

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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102

Ala

Ala
Asp
65

Leu

Met

Pro

Leu

145

Cys

Gly

Cys

Thr

Asn

225

Cys

Ser

Ile

Ala

305

Tyr

Leu

Asp

Asn

Arg
385

Pro

Thr

Arg

Pro

Gln

50

Ala

Cys

Asp

Asn

Arg

130

Asn

Gly

Ala

Asp

Ser

210

Ser

Asp

Tyr

Ile

Ser

290

Gln

Gly

Val

Ser

Ile
370
Trp

Pro

Ser

Leu

Lys

35

Asp

Asn

Pro

Tyr

Gln

115

Leu

Gly

Glu

Asn

Ala

195

His

Arg

Ser

Tyr

Thr

275

Ile

Pro

Gly

Phe

Gly

355

Leu

Gly

Ala

Ser

Val

Leu

Thr

Tyr

Asp

Ala

100

Tyr

Tyr

Gln

Asn

Gln

180

Gln

Gln

Ala

Ala

Gly

260

Gln

Thr

Gly

Leu

Ser

340

Asn

Ala

Asp

Ser

Ser
420

Ala

Thr

Ser

Asn

Glu

85

Ala

Met

Leu

Glu

Gly

165

Tyr

Cys

Gly

Asn

Gly

245

Pro

Phe

Arg

Gly

Ala

325

Ile

Ala

Asn

Ile

Ser

405

Pro

Ala

Thr

Val

Ser

70

Ala

Ser

Pro

Leu

Leu

150

Ser

Asn

Pro

Phe

Ala

230

Cys

Gly

Asn

Lys

Asp

310

Thr

Trp

Gly

Asn

Gly
390

Thr

Ser

Gln

Tyr

Val

55

Cys

Thr

Gly

Ser

Asp

135

Ser

Leu

Thr

Val

Cys

215

Leu

Gly

Asp

Thr

Tyr

295

Thr

Met

Asn

Pro

Pro
375
Ser

Thr

Cys

Gln

Lys

40

Leu

Thr

Cys

Val

Ser

120

Ser

Phe

Tyr

Ala

Gln

200

Cys

Thr

Phe

Thr

Asp

280

Gln

Ile

Gly

Asp

Cys

360

Asn

Thr

Phe

Thr

Pro

25

Cys

Asp

Val

Gly

Thr

105

Ser

Asp

Asp

Leu

Gly

185

Thr

Asn

Pro

Asn

Val

265

Asn

Gln

Ser

Lys

Asn

345

Ser

Thr

Thr

Ser

Gln
425

Gly

Thr

Trp

Asn

Lys

90

Thr

Gly

Gly

Val

Ser

170

Ala

Trp

Glu

His

Pro

250

Asp

Gly

Asn

Ser

Ala

330

Ser

Ser

His

Asn

Thr
410

Thr

Thr

Lys

Asn

Gly

75

Asn

Ser

Gly

Glu

Asp

155

Gln

Asn

Arg

Met

Ser

235

Tyr

Thr

Ser

Gly

Cys

315

Leu

Gln

Thr

Val

Ser

395

Thr

His

Ser

Ser

Tyr

60

Gly

Cys

Gly

Tyr

Tyr

140

Leu

Met

Tyr

Asn

Asp

220

Cys

Gly

Ser

Pro

Val

300

Pro

Ser

Tyr

Glu

Val
380
Thr

Arg

Trp

Thr

Gly

45

Arg

Val

Phe

Ser

Ser

125

Val

Ser

Asp

Gly

Gly

205

Ile

Thr

Ser

Lys

Ser

285

Asp

Ser

Ser

Met

Gly

365

Phe

Ala

Arg

Gly

Pro

30

Gly

Trp

Asn

Ile

Ser

110

Ser

Met

Ala

Glu

Ser

190

Thr

Leu

Ala

Gly

Thr

270

Gly

Ile

Ala

Gly

Asn

350

Asn

Ser

Pro

Ser

Gln
430

Glu

Cys

Met

Thr

Glu

95

Leu

Val

Leu

Leu

Asn

175

Gly

Leu

Glu

Thr

Tyr

255

Phe

Asn

Pro

Ser

Met

335

Trp

Pro

Asn

Pro

Ser

415

Cys

Val

Val

His

Thr

80

Gly

Thr

Ser

Lys

Pro

160

Gly

Tyr

Asn

Gly

Ala

240

Lys

Thr

Leu

Ser

Ala

320

Val

Leu

Ser

Ile

Pro
400

Thr

Gly
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-continued

104

Gly Ile Gly Tyr Ser Gly Cys
435

440

Gln Tyr Ser Asn Asp Tyr Tyr Ser Gln Cys Leu

450

<210> SEQ ID NO 31
<211> LENGTH: 1545

<212> TYPE:

DNA

455

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 31

atgtatcgga

tgcactctee

acgtgcactce

acgaacagca

aacgagacct

gttaccacga

gttggegete

ggcaacgagt

ctctactteg

ggcgccaagt

aatggccagg

ggaggacacg

getettaccee

ggcggaactt

aacccatacc

accaccaaga

tatgtccaga

aacgagctca

tcagacaagg

atgagtctgt

aacgagacct

cctgeteagy

ggacccattyg

ggcaccacca

tctecactacyg

acaacttgecc

agttggcegt

aatcggagac

aacagacagg

gcacgaactyg

gegegaagaa

geggtaacag

gectttacct

tctetttega

tgtccatgga

acggcacggyg

ccaacgttga

gaagctgetyg

cccacecttyg

actccgataa

gectgggcaa

aattgaccgt

atggcgtcac

acgatgatta

geggectgac

gggatgatta

cctceccacacce

tcgaatctca

gcagcaccgg

ccaccegecyg

geccagtgegg

aggtcctgaa

<210> SEQ ID NO 32
<211> LENGTH: 514

<212> TYPE:

PRT

catcteggee ttettggeca

tcaccegect ctgacatgge

ctcegtggte atcgacgeca

ctacgatgge aacacttgga

ctgetgtety gacggtgeceyg

cctetecatt ggetttgtea

tatggcgage gacacgacct

tgttgatgtt tcgcagctge

cgcggatggt ggcgtgagea

gtactgtgac agccagtgte

gggetgggag ccgtcatcca

ctctgagatyg gatatctggg

cacgactgte ggccaggaga

cagatatggce ggcacttgeg

caccagctte tacggcectg

tgtcacccag ttcgagacgt

tttccagcag cccaacgecyg

ctgcacaget gaggaggcag

tcagttcaag aaggctacct

ctacgccaac atgctgtgge

cggtgeegty cgceggaaget

gtcteeccaac gceccaaggtcea

caaccctage ggceggcaacc

cccagecact accactggaa

cggtattgge tacagcggec

cccttactac tetcagtgec

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 32

445

cagctegtge

agaaatgctce

actggegetyg

getegacect

cctacgegte

cccagtetge

accaggaatt

cgtgeggett

agtatcccac

ccegegatet

acaacgcgaa

aggccaactce

tctgcgaggg

atcccgatgyg

gctcaagett

cgggtgecat

agcttggtag

aattcggegyg

ctggeggeat

tggactccac

gctecaccag

ccttctecaa

ctceeggegy

getetecegg

ccacggtety

tgtaa

Lys Thr Cys Thr Ser Gly Thr Thr Cys

tcagtecggee

gtctggtggc

gactcacgcet

atgtcctgac

cacgtacgga

gcagaagaac

caccctgett

gaacggagct

caacaccgcet

gaagttcatc

cacgggcatt

catcteccgag

tgatgggtgc

ctgecgactygyg

taccctegat

caaccgatac

ttactctgge

atcctcettte

ggttctggte

ctacccgaca

ctceggtgte

catcaagttce

aaaccecgect

acctacccag

cgccagegge

Met Tyr Arg Lys Leu Ala Val Ile Ser Ala Phe Leu Ala Thr Ala Arg

1

5

10

15

Ala Gln Ser Ala Cys Thr Leu Gln Ser Glu Thr His Pro Pro Leu Thr

20

25

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1545
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-continued

106

Trp

Thr
65

Asn

Ser

Ala

Ser

145

Leu

Thr

Cys

Trp

Ser

225

Ala

Gly

Cys

Ser

Leu

305

Tyr

Ser

Ala

Phe
Asp
385

Asn

Ser

Gln

Val

50

Asn

Glu

Thr

Thr

Ser

130

Phe

Tyr

Asn

Pro

Glu

210

Cys

Leu

Asp

Asp

Phe

290

Thr

Val

Tyr

Glu

Lys

370

Asp

Glu

Ser

Thr

Lys

35

Ile

Cys

Thr

Tyr

Gln

115

Asp

Asp

Phe

Thr

Arg

195

Pro

Cys

Thr

Gly

Pro

275

Tyr

Val

Gln

Ser

Phe

355

Lys

Tyr

Thr

Gly

Phe
435

Cys

Asp

Tyr

Cys

Gly

100

Ser

Thr

Val

Val

Ala

180

Asp

Ser

Ser

Pro

Cys

260

Asp

Gly

Val

Asn

Gly

340

Gly

Ala

Tyr

Ser

Val
420

Ser

Ser

Ala

Asp

Ala

85

Val

Ala

Thr

Asp

Ser

165

Gly

Leu

Ser

Glu

His

245

Gly

Gly

Pro

Thr

Gly

325

Asn

Gly

Thr

Ala

Ser
405

Pro

Asn

Ser

Asn

Gly

70

Lys

Thr

Gln

Tyr

Val

150

Met

Ala

Lys

Asn

Met

230

Pro

Gly

Cys

Gly

Gln

310

Val

Glu

Ser

Ser

Asn

390

Thr

Ala

Ile

Gly

Trp

55

Asn

Asn

Thr

Lys

Gln

135

Ser

Asp

Lys

Phe

Asn

215

Asp

Cys

Thr

Asp

Ser

295

Phe

Thr

Leu

Ser

Gly

375

Met

Pro

Gln

Lys

Gly

Arg

Thr

Cys

Ser

Asn

120

Glu

Gln

Ala

Tyr

Ile

200

Ala

Ile

Thr

Tyr

Trp

280

Ser

Glu

Phe

Asn

Phe

360

Gly

Leu

Gly

Val

Phe
440

Thr

Trp

Trp

Cys

Gly

105

Val

Phe

Leu

Asp

Gly

185

Asn

Asn

Trp

Thr

Ser

265

Asn

Phe

Thr

Gln

Asp

345

Ser

Met

Trp

Ala

Glu

425

Gly

Cys

Thr

Ser

Leu

90

Asn

Gly

Thr

Pro

Gly

170

Thr

Gly

Thr

Glu

Val

250

Asp

Pro

Thr

Ser

Gln

330

Asp

Asp

Val

Leu

Val
410

Ser

Pro

Thr

His

Ser

75

Asp

Ser

Ala

Leu

Cys

155

Gly

Gly

Gln

Gly

Ala

235

Gly

Asn

Tyr

Leu

Gly

315

Pro

Tyr

Lys

Leu

Asp
395
Arg

Gln

Ile

Gln

Ala

60

Thr

Gly

Leu

Arg

Leu

140

Gly

Val

Tyr

Ala

Ile

220

Asn

Gln

Arg

Arg

Asp

300

Ala

Asn

Cys

Gly

Val

380

Ser

Gly

Ser

Gly

Gln

Thr

Leu

Ala

Ser

Leu

125

Gly

Leu

Ser

Cys

Asn

205

Gly

Ser

Glu

Tyr

Leu

285

Thr

Ile

Ala

Thr

Gly

365

Met

Thr

Ser

Pro

Ser
445

Thr

Asn

Cys

Ala

Ile

110

Tyr

Asn

Asn

Lys

Asp

190

Val

Gly

Ile

Ile

Gly

270

Gly

Thr

Asn

Glu

Ala

350

Leu

Ser

Tyr

Cys

Asn

430

Thr

Gly

Ser

Pro

Tyr

95

Gly

Leu

Glu

Gly

Tyr

175

Ser

Glu

His

Ser

Cys

255

Gly

Asn

Lys

Arg

Leu

335

Glu

Thr

Leu

Pro

Ser
415

Ala

Gly

Ser

Ser

Asp

80

Ala

Phe

Met

Phe

Ala

160

Pro

Gln

Gly

Gly

Glu

240

Glu

Thr

Thr

Lys

Tyr

320

Gly

Glu

Gln

Trp

Thr
400
Thr

Lys

Asn
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-continued

108

Pro

Thr

465

Ser

Cys

Cys

Ser

450

Arg

His

Ala

Leu

Gly

Arg

Tyr

Ser

Gly Asn Pro Pro Gly

455

Pro Ala Thr Thr Thr
470

Gly Gln Cys Gly Gly

485

Gly Thr Thr Cys Gln

500

<210> SEQ ID NO 33
<211> LENGTH: 1611
<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 33

atgattgtcg

ctagaggagce

caaatactga

ctgtgettee

cgctgcaage

aacatccegyg

agtcggatcg

caatgcatat

ggccactget

ggaaccaagg

acccctetcea

tatgceggac

aatggcgaat

attcgtcaaa

ttaaacacct

taactattgt

actccaaagt

cagctgaacc

tggccggcaa

tctecgagag

accagccccce

gctattggac

ggtcgatcgg

ggcaccggat

gtctgggtcea

gactcccact

caagcctact

gecattctcac

ggcaagctty

gatatgtcaa

ggaagcacat

tcaagctegt

tcgageteeg

ggaaccgcta

tacgcetetyg

gcagcagetyg

caatctgtta

tggagcaaac

agtttgtggt

actctattge

ttgtcgtgga

gecteecece

tcectettec

gtgccaatge

ttccaaatgt

accaagaccc

ctcttegegy

catcgtacac

gtettettge

gaaagcagce

ttggtattcg

agccaggcgg

gtgegetece

ttgtgcaget

<210> SEQ ID NO 34
<211> LENGTH: 471

cacgctgget

ctcaagegte

ggggccaatg

gegtctacte

ccacgegege

cgacgectee

cgtattcagyg

aagttagcag

tcgcaaaggt

ctgaaggetce

cttggecgac

gtatgacttyg

cgatggtggc

atattccgat

ccectteect

agagcctgac

tcagtcagee

tgcgatgtat

ggcegetcag

attggcaacc

gcaaggcaac

caatcacgge

taccggacag

cccatecgea

cgagtgtgac

agatgccttyg

tctcacaaac

Gly

Gly

Ile

Val
505

Asn

Ser

Gly

490

Leu

Pro
Ser
475

Tyr

Asn

acgctggeca

tggtaattat

tggtggccag

caacgactat

cgegtegacy

acctggttet

caaccctttt

cctegetatt

tcectetttt

atcattcact

atccgeacceyg

ceggategeg

gtcgcecaaat

atccggacce

tccttteceyg

tctettgeca

taccttgagt

ttggacgcetyg

ctatttgcaa

aatgtcgeca

getgtcetaca

tggtccaacy

caacagtggyg

aacactgggyg

ggcaccagcg

caaccggege

gcaaacccat

Pro Gly Thr
460

Pro Gly Pro

Ser Gly Pro

Pro Tyr Tyr
510

cactcgcage
gtgaacccte
aattggtcgyg
tactcccagt
acttctcgag
actactacca
gttggggtca
cctagettga
atgtggetgt
gcagagatac
ccaacaagaa
attgcgetge
ataagaacta
tectggttat
ccggeatett
acctggtgac
gcatcaacta
gccatgcagg
atgtttacaa
actacaacgg
acgagaagct
ccttettcat
gagactggtg
actcgttget
acagcagtge
ctcaagctygyg

cgttectgta

Thr Thr

Thr Gln

480

Thr Val
495

Ser Gln

tagtgtgect

tcaagagacc

gtcegacttyg

gtcttecegg

tatcccceccac

gagtacctce

ctcettggge

ctggagccat

aggtcctece

tcttgacaag

tggcggtaac

ccttgecteg

tatcgacacc

tggtatgagt

gtegttgtge

caaccteggt

cgcegteaca

atggcttgge

gaatgcatcg

gtggaacatt

gtacatccac

cactgatcaa

caatgtgatc

ggattegttt

gccacgattt

tgcttggtte

a

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1611
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-continued

110

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ala

Gln

Ser

Ala

65

Ser

Ser

Ala

Ala

145

Asp

Arg

Tyr

Tyr

Thr

225

Pro

Ala

Gly

Gln

305

Arg

Ser

Tyr

Ala

Gln
385

Ile

Ser

Cys

Thr

50

Ala

Ser

Thr

Gly

Ser

130

Thr

Thr

Thr

Asp

Ser

210

Ile

Ile

Lys

Val

His

290

Leu

Gly

Pro

Ile

Phe
370

Gln

Val

Val

Gly

Cys

Ser

Pro

Thr

Asn

115

Glu

Ala

Leu

Ala

Leu

195

Ile

Arg

Glu

Cys

Thr

275

Ala

Phe

Leu

Pro

His
355

Phe

Gln

Gly

Pro

20

Gly

Val

Ser

Thr

Thr

100

Pro

Val

Ala

Asp

Asn

180

Pro

Ala

Gln

Pro

Ala

260

Gln

Gly

Ala

Ala

Ser
340
Ala

Ile

Trp

Trichoderma

34

Ile

Leu

Gln

Tyr

Ser

Thr

85

Arg

Phe

Ser

Ala

Lys

165

Lys

Asp

Asp

Ile

Asp

245

Asn

Leu

Trp

Asn

Thr

325

Tyr

Ile

Thr

Gly

Leu

Glu

Asn

Ser

Ser

70

Ser

Val

Val

Ser

Ala

150

Thr

Asn

Arg

Gly

Val

230

Ser

Ala

Asn

Leu

Val

310

Asn

Thr

Gly

Asp

Asp
390

Thr

Glu

Trp

Asn

55

Ser

Arg

Pro

Gly

Leu

135

Val

Pro

Gly

Asp

Gly

215

Val

Leu

Gln

Leu

Gly

295

Tyr

Val

Gln

Arg

Gln
375

Trp

reeseil

Thr

Arg

Ser

40

Asp

Thr

Ser

Pro

Val

120

Ala

Ala

Leu

Gly

Cys

200

Val

Glu

Ala

Ser

Pro

280

Trp

Lys

Ala

Gly

Leu
360

Gly

Cys

Leu

Gln

25

Gly

Tyr

Arg

Ser

Val

105

Thr

Ile

Lys

Met

Asn

185

Ala

Ala

Tyr

Asn

Ala

265

Asn

Pro

Asn

Asn

Asn
345
Leu

Arg

Asn

Ala

10

Ala

Pro

Tyr

Ala

Ser

90

Gly

Pro

Pro

Val

Glu

170

Tyr

Ala

Lys

Ser

Leu

250

Tyr

Val

Ala

Ala

Tyr

330

Ala

Ala

Ser

Val

Thr

Cys

Thr

Ser

Ala

75

Ala

Ser

Trp

Ser

Pro

155

Gln

Ala

Leu

Tyr

Asp

235

Val

Leu

Ala

Asn

Ser

315

Asn

Val

Asn

Gly

Ile
395

Leu

Ser

Cys

Gln

60

Ser

Thr

Gly

Ala

Leu

140

Ser

Thr

Gly

Ala

Lys

220

Ile

Thr

Glu

Met

Gln

300

Ser

Gly

Tyr

His

Lys

380

Gly

Ala

Ser

Cys

45

Cys

Thr

Pro

Thr

Asn

125

Thr

Phe

Leu

Gln

Ser

205

Asn

Arg

Asn

Cys

Tyr

285

Asp

Pro

Trp

Asn

Gly
365

Gln

Thr

Thr

Val

30

Ala

Leu

Thr

Pro

Ala

110

Ala

Gly

Met

Ala

Phe

190

Asn

Tyr

Thr

Leu

Ile

270

Leu

Pro

Arg

Asn

Glu
350
Trp

Pro

Gly

Leu

15

Trp

Ser

Pro

Ser

Pro

95

Thr

Tyr

Ala

Trp

Asp

175

Val

Gly

Ile

Leu

Gly

255

Asn

Asp

Ala

Ala

Ile

335

Lys

Ser

Thr

Phe

Ala

Gly

Gly

Gly

Arg

80

Gly

Tyr

Tyr

Met

Leu

160

Ile

Val

Glu

Asp

Leu

240

Thr

Tyr

Ala

Ala

Leu

320

Thr

Leu

Asn

Gly

Gly
400
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-continued

112

Ile Arg

Trp Val

Pro Arg

Pro Gln

450

Asn Ala
465

Pro

Lys

Phe

435

Ala

Asn

Ser

Pro

420

Asp

Gly

Pro

Ala

405

Gly

Ser

Ala

Ser

<210> SEQ ID NO 35

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Humicola insolens

<400> SEQUENCE:

2046

35

Asn Thr Gly

Gly Glu Cys

His Cys Ala

440

Trp Phe Gln
455

Phe Leu
470

geegtgacct tgegegettt gggtggeggt

cggecttece

ggaacttcce

cegtgteteg

caccatccce

tcagtcacce

cteggecgec

gaacaagtgce

caactggege

ggatactage

cgactacacc

caccaagggc

caagtatcag

acacttcaca

catcggetge

cagcegetat

gtgccecegt

caccaacgac

ctgggaagec

gagcecgetge

ctgegacccee

caagggcatg

tgccaacgge

caactccgag

ccgecagaag

gatgggcaag

ctccaacatg

cgagcgegge

ggcgatcege gtgatgagag

catggagaag agagagaaac

tctatataac tcgagtctee

atcgacaatc acgcaaacac

tccttcaaaa tgcgtaccge

geccagcagg cgtgcagtet

accgeceggeyg gccagtgeca

tggactcacc aggtgtctgg

atctgcactyg atgccaagtce

agcacctatyg gcatcaccac

cagcactcga ccaacgtegg

agtacgttct atcttcagec

gecttegage tcecteggcaa

ggtctcaacyg gegccectgta

cctggcaaca aggctggtge

gacatcaagt tcatcaacgg

cccaacgeceg gcgegggecg

aacaacatgyg ctactgcctt

gagggcgact cgtgcggtgg

gatggctgeg acttcaacte

accgtcegaca ccaccaagaa

gatcteggeg agatcaagceg

tccaccatce ceggegtega

gttgccttty gcgacattga

gecectegecyg gecccatggt

ctctggeteg actcgacctt

gectgecega ccaccteggyg

Asp Ser Leu
410

Asp Gly Thr
425

Leu Pro Asp

Ala Tyr Phe

ggcgagtegt
ggccaccaac
ttgcggagec
ccgageccte
agcagttgte
caagttcgee
caccaccgag
gaccgtccag
ctccaccaac
gtgcgetcag
caacggtgat
ctcegegtace
ttctegegee
cgagttcace
cttegtetee
caagtacggt
cgaggccaac
ctatggtacc
cactccteac
cacctacage
gtaccgccag
gatcactgte
cttctacgte
gggcaattce
cgacttcaac
cctggteatg
ccctgtegat

tgtccctget

Leu Asp Ser

Ser Asp Ser
430

Phe Val
415

Ser Ala

Ala Leu Gln Pro Ala

445

Val Gln Leu Leu Thr

460

ggacggtget
ggcgggatga
gtgatctggg
aacaccacca
gggccattee
accctegecyg
aggcacccett
gettecatca
tgctacacgyg
aactgcetgeg
tcecctgagee
tacctgatgyg
ttgaatcctyg
ttcgatgteg
atggacgecg
accggcetact
attgagggcet
tgctgetety
ccttgeacca
aacgagcgcet
ggcaacaaga

gtcacccagt

caggatggca

atcacccagg

cgcaagggcg

tccatetggy

gecgetggea

gaggttgagg

tgctggtege

tgctccatgy

gaaagatgct

getetgatet

ttcagacaca

ceccttgtgge

cecctetetty

ctctegacte

gcaacaagtg

tcgatggtge

tcaagttegt

acggcgagga

gctaacgttt

atgtctccaa

atggtggtct

gegatgetca

ggaccggcete

agatggatat

tcattggeca

acgccggegt

ccttetacgy

tcctcaagga

agatcatcce

actggtgcega

gcatgaagca

atgaccacge

agcccggege

ccgaggecce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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114

-continued
caacagcaac gtcgtcttcect ccaacatccg ctteggecce atcggctcga cegttgetgg 1740
tcteecegge gegggcaacg geggcaacaa cggeggcaac cccecgeccece ccaccaccac 1800
cacctecteg getecggeca ccaccaccac cgecageget ggecccaagyg ctggecgetg 1860
gcagcagtge ggcggcatcg gcttcactgg cccgacccag tgcgaggagce cctacatttg 1920
caccaagctc aacgactggt actctcagtg cctgtaaatt ctgagtcget gactcgacga 1980
tcacggccgg tttttgcatg aaaggaaaca aacgaccgcg ataaaaatgg agggtaatga 2040
gatgtce 2046

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 36
H: 525
PRT

<213> ORGANISM: Humicola insolens

<400> SEQUENCE: 36

Met Arg Thr
1

Ala Ala Gln
Ser Trp Asn
35

Ser Ile Thr
50

Ser Thr Asn

Asp Ala Lys

Thr Ser Thr

Phe Val Thr

115

Leu Met Asp
130

Glu Phe Thr
145

Gly Ala Leu

Tyr Pro Gly

Ala Gln Cys
195

Glu Gly Trp
210

Tyr Gly Thr
225

Ala Thr Ala

Cys Glu Gly

Gly Val Cys
275

Asn Lys Thr
290

Ala Lys Phe Ala Thr

Gln Ala Cys Ser Leu

20

Lys Cys Thr Ala Gly

40

Leu Asp Ser Asn Trp

55

Cys Tyr Thr Gly Asn

70

Ser Cys Ala Gln Asn

85

Tyr Gly Ile Thr Thr

100

Lys Gly Gln His Ser

120

Gly Glu Asp Lys Tyr

135

Phe Asp Val Asp Val
150

Tyr Phe Val Ser Met

165

Asn Lys Ala Gly Ala

180

Pro Arg Asp Ile Lys

200

Thr Gly Ser Thr Asn

215

Cys Cys Ser Glu Met
230

Phe Thr Pro His Pro

245

Asp Ser Cys Gly Gly

260

Asp Pro Asp Gly Cys

280

Phe Tyr Gly Lys Gly

295

Leu

Thr

25

Gly

Arg

Lys

Cys

Asn

105

Thr

Gln

Ser

Asp

Lys

185

Phe

Asp

Asp

Cys

Thr
265

Asp

Met

Ala

Thr

Gln

Trp

Trp

Cys

90

Gly

Asn

Thr

Asn

Ala

170

Tyr

Ile

Pro

Ile

Thr
250
Tyr

Phe

Thr

Ala

Glu

Cys

Thr

Asp

Val

Asp

Val

Phe

Ile

155

Asp

Gly

Asn

Asn

Trp

235

Ile

Ser

Asn

Val

Leu Val Ala
Arg His Pro
30

Gln Thr Val
45

His Gln Val
60

Thr Ser Ile

Asp Gly Ala

Ser Leu Ser

110

Gly Ser Arg
125

Glu Leu Leu
140

Gly Cys Gly

Gly Gly Leu

Thr Gly Tyr

190

Gly Glu Ala
205

Ala Gly Ala
220

Glu Ala Asn

Ile Gly Gln

Asn Glu Arg
270

Ser Tyr Arg
285

Asp Thr Thr
300

Ser Ala
15

Ser Leu

Gln Ala

Ser Gly

Cys Thr
80

Asp Tyr
95

Leu Lys

Thr Tyr

Gly Asn

Leu Asn

160

Ser Arg
175

Cys Asp

Asn Ile

Gly Arg

Asn Met
240

Ser Arg
255
Tyr Ala

Gln Gly

Lys Lys
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116

Ile Thr Val
305

Glu Ile Lys

Glu Ser Thr

Cys Asp Arg

355

Lys Gly Gly
370

Leu Val Met
385

Asp Ser Thr

Gly Ala Cys

Ala Pro Asn

435

Gly Ser Thr
450

Gly Gly Asn
465

Thr Thr Thr

Cys Gly Gly

Ile Cys Thr
515

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Thr Gln Phe Leu
310

Arg Phe Tyr Val Gln

325

Ile Pro Gly Val Glu

340

Gln Lys Val Ala Phe

360

Met Lys Gln Met Gly

375

Ser Ile Trp Asp Asp
390

Phe Pro Val Asp Ala

405

Pro Thr Thr Ser Gly

420

Ser Asn Val Val Phe

440

Val Ala Gly Leu Pro

455

Pro Pro Pro Pro Thr
470

Thr Ala Ser Ala Gly

485

Ile Gly Phe Thr Gly

500

Lys Leu Asn Asp Trp

D NO 37
H: 1812
DNA

520

Lys Asp Ala
315

Asp Gly Lys
330

Gly Asn Ser
345

Gly Asp Ile

Lys Ala Leu

His Ala Ser

395

Ala Gly Lys
410

Val Pro Ala
425

Ser Asn Ile

Gly Ala Gly

Thr Thr Thr

475

Pro Lys Ala
490

Pro Thr Gln
505

Tyr Ser Gln

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 37

atggccaaga

attgaggagc

gactttctca

aaatccagga

tcgacctgeg

agttccaaca

agcaccagga

gtgactagca

ggCgtCngC

agcatgaccg

tggctegace

getgccaata

ccttetegte

ccagcccaac

agetttteat

gccagaactyg

tcgagtaatg

ctcaatgegyg

ttgcgcagaa

ctcegtegte

geggecagete

ttceceggegy

tcttegecaa

gtactctgge

ggaacgtcac

atgcecggtge

ccccaccttt

ttgtegteta

caccgeegec

cggcgctgtg

gcataaggce

cggcaacggyg

cgagtggtac

gacttccace

ctecctectec

tgcgaccace

cgactactac

ggccaaggcet

catcgacacc

caatcctccee

cttgacggga

cgaccteeee

cttgeggetyg
tggtaagaaa

caccecetteg

tggcagggtc

tctecagtgee

tcgcagegea

accaccacgc

acggcgaget

aggtccgagg

tcegeegteg

ctgatggtee

tatgctggtyg

tcggttacct

gaccgtgact

Asn Gly Asp

Ile Ile Pro

Ile Thr Gln

350

Asp Asp Phe
365

Ala Gly Pro
380

Asn Met Leu

Pro Gly Ala

Glu Val Glu

430

Arg Phe Gly
445

Asn Gly Gly
460

Ser Ser Ala

Gly Arg Trp

Cys Glu Glu

510

Cys Leu
525

cegtgttgge
geceggtetyg
actgactgtyg
ccacatgetyg
tgcccaacaa
gcagcagcac
ccectecegt
actctggcaa
tccacaatct
ccgaagtece
agactctgte

agttacatgg

gacctggagg

gegecgecge

Leu Gly
320

Asn Ser
335

Asp Trp

Asn Arg

Met Val

Trp Leu
400

Glu Arg
415

Ala Glu

Pro Ile

Asn Asn

Pro Ala
480

Gln Gln
495

Pro Tyr

ggccceegte
agtttcccat
agaatcgatc
cgecteggge
tcaggtgacyg
ctccagcage
ctccagecce
ccecttetey
cgccattect
tagcttccag
ccagatcegyg
cggegacttyg
caaaacaaaa

tgcgtccaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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-continued
ggcgagtttt cgattgcaaa cggcggcgcec gccaactaca ggagctacat cgacgctatc 900
cgcaagcaca tcattgagta ctcggacatc cggatcatcc tggttatcga gcccgactceg 960

atggccaaca tggtgaccaa catgaacgtg gccaagtgca gcaacgccge gtcgacgtac 1020
cacgagttga ccgtgtacgc gctcaagcag ctgaacctgce ccaacgtcge catgtatctce 1080
gacgccggee acgecggetyg geteggetgg cccgcecaaca tecageccge cgecgacctyg 1140
tttgcecggca tctacaatga cgccggcaag ccggctgecg tccgeggcect ggccactaac 1200
gtcgeccaact acaacgcctg gagtatceget tecggccccecgt cgtacacgtce ccecctaaccect 1260
aactacgacg agaagcacta catcgaggcece ttcagccege tectgaacge ggecggette 1320
ccegecacget tcattgtega cactggccge aacggcaaac aacctaccgg tatggttttt 1380
ttettttttt ttctetgtte cecctecceccect tececttecag ttggecgtcca caaggtetcet 1440
tagtcttget tettectcecgga ccaaccttcee cccaccecca aaacgcaccg cccacaaccg 1500
ttcgactcta tactcttggg aatgggcgce gaaactgacce gttcgacagg ccaacaacag 1560
tggggtgact ggtgcaatgt caagggcact ggctttggcg tgcgcccgac ggccaacacg 1620
ggccacgacce tggtcgatge ctttgtetgg gtcaagcceg geggcgagtce cgacggcaca 1680
agcgacacca gcgecgeccg ctacgactac cactgeggece tgtecgatge cctgcagect 1740
gcteeggagyg ctggacagtg gttceccaggece tacttcgage agectgctcac caacgccaac 1800
ccgcecttet aa 1812
<210> SEQ ID NO 38

<211> LENGTH: 482

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 38

Met Ala Lys Lys Leu Phe Ile Thr Ala Ala Leu Ala Ala Ala Val Leu
1 5 10 15

Ala Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr
20 25 30

Gln Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly
Ser Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn
50 55 60

Asn Gln Val Thr Ser Ser Asn Thr Pro Ser Ser Thr Ser Thr Ser Gln
65 70 75 80

Arg Ser Ser Ser Thr Ser Ser Ser Ser Thr Arg Ser Gly Ser Ser Ser
85 90 95

Ser Ser Thr Thr Thr Pro Pro Pro Val Ser Ser Pro Val Thr Ser Ile
100 105 110

Pro Gly Gly Ala Thr Thr Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser
115 120 125

Gly Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn
130 135 140

Leu Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala
145 150 155 160

Val Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile
165 170 175

Asp Thr Leu Met Val Gln Thr Leu Ser Gln Ile Arg Ala Ala Asn Asn
180 185 190

Ala Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu
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120

195

Pro Asp Arg
210

Ala Asn Gly
225

Lys His Ile

Pro Asp Ser

Ser Asn Ala

275

Gln Leu Asn
290

Gly Trp Leu
305

Ala Gly Ile

Ala Thr Asn

Ser Tyr Thr

355

Ala Phe Ser
370

Val Asp Thr
385

Gly Asp Trp

Ala Asn Thr

Gly Gly Glu

435

Tyr His Cys
450

Gln Trp Phe
465

Pro Phe
<210> SEQ I

<211> LENGT.
<212> TYPE:

200

Asp Cys Ala Ala Ala

215

Gly Ala Ala Asn Tyr
230

Ile Glu Tyr Ser Asp

245

Met Ala Asn Met Val

260

Ala Ser Thr Tyr His

280

Leu Pro Asn Val Ala

295

Gly Trp Pro Ala Asn
310

Tyr Asn Asp Ala Gly

325

Val Ala Asn Tyr Asn

340

Ser Pro Asn Pro Asn

360

Pro Leu Leu Asn Ala

375

Gly Arg Asn Gly Lys
390

Cys Asn Val Lys Gly

405

Gly His Asp Leu Val

420

Ser Asp Gly Thr Ser

440

Gly Leu Ser Asp Ala

455

Gln Ala Tyr Phe Glu
470

D NO 39
H: 1802
DNA

Ala

Arg

Ile

Thr

265

Glu

Met

Ile

Lys

Ala

345

Tyr

Ala

Gln

Thr

Asp

425

Asp

Leu

Gln

Ser

Ser

Arg

250

Asn

Leu

Tyr

Gln

Pro

330

Trp

Asp

Gly

Pro

Gly

410

Ala

Thr

Gln

Leu

Asn

Tyr

235

Ile

Met

Thr

Leu

Pro

315

Ala

Ser

Glu

Phe

Thr

395

Phe

Phe

Ser

Pro

Leu
475

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 39

atggccaaga

attgaggagc

gattttcteg

aaatccagga

tcgacctgeg

agttccacca

accaccagga

gtgaccagca

agetttteat

gccagaactyg

tcgagtaatg

ctcaatgegyg

ttgcgcagaa

ctcegtegte

geggecagete

ttceceggegy

caccgecgeg

cggcgctgtg

gcataagggce

cggtaacggg

cgagtggtac

gacttccace

ctecctectec

tgcgacctee

cttgeggetyg

tggtaagaaa

caccecetteg

tggcaaggtc

tctecagtgee

tcgcagegea

tccaccacge

acggcgaget

205

Gly Glu Phe
220

Ile Asp Ala

Ile Leu Val

Asn Val Ala

270

Val Tyr Ala
285

Asp Ala Gly
300

Ala Ala Asp

Ala Val Arg

Ile Ala Ser
350

Lys His Tyr
365

Pro Ala Arg
380

Gly Gln Gln

Gly Val Arg

Val Trp Val
430

Ala Ala Arg
445

Ala Pro Glu
460

Thr Asn Ala

cegtgttgge
geceggtecg
actgaccgtyg
ccacatgetyg
tgcccaacag
gcaccagcac
ccecegecegt

actctggcaa

Ser Ile

Ile Arg
240

Ile Glu
255

Lys Cys

Leu Lys

His Ala

Leu Phe
320

Gly Leu
335

Ala Pro

Ile Glu

Phe Ile

Gln Trp
400

Pro Thr
415

Lys Pro

Tyr Asp

Ala Gly

Asn Pro
480

ggccceegte
agtcteccat
agaatcgatc
cgecteggge
ccaggtgacyg
ctccagcage
ctccagecce

ccecttetey

60

120

180

240

300

360

420

480
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-continued
ggcgtcegge tcttegecaa cgactactac aggtccgagg tccacaatct cgccattect 540
agcatgactg gtactctggce ggccaaggct tcecgcegteg ccgaagtccce tagettcecag 600
tggctcgacc ggaacgtcac catcgacacc ctgatggtecc agactctgtce ccaggtcegg 660
gctctcaata aggccggtge caatcctccc tatgetggtg agttacatgg cgacttgect 720
tctegtecce tacctttett gacgggatcg gttacctgac ctggaggcaa aacaacaaca 780
gcccaacteg tcgtctacga cctecccgac cgtgactgtg cegecgetge gtccaacgge 840
gagttttcga ttgcaaacgg cggcgccgec aactacagga gctacatcga cgctatccge 900
aagcacatca ttgagtactc ggacatccgg atcatcctgg ttatcgagec cgactcgatg 960

gccaacatgyg tgaccaacat gaacgtggcce aagtgcagca acgccgegtce gacgtaccac 1020
gagttgaccg tgtacgcgct caagcagctg aacctgccca acgtcgccat gtatctcgac 1080
geeggecacy ceggetgget cggetggece gecaacatce ageccgecge cgagetgttt 1140
geeggcatet acaatgatge cggcaagecg getgeegtee geggectgge cactaacgtce 1200
gccaactaca acgcctggag catcgctteg geccegtegt acacgtcgec taaccctaac 1260
tacgacgaga agcactacat cgaggccttce agcccgcetet tgaactcgge cggcecttceccce 1320
gcacgcttceca ttgtcgacac tggccgcaac ggcaaacaac ctaccggtat gttttttttt 1380
cttttgtecte tgtceccceee ttttetecce cttcagttgg cgtccacaag gtcectcettagt 1440
cctgcttecat ctgtgaccaa cctceccceccce cceggcaccg cccacaaccg tttgactceta 1500
tactcttggg aatgggcgcec gaaactgacce gttceccacagg ccaacaacag tggggtgact 1560
ggtgcaatgt caagggcacc ggctttggeg tgcgcccgac ggccaacacg ggcecacgage 1620
tggtcgatge ctttgtctgg gtcaagecccg gcggcgagtce cgacggcaca agcgacacca 1680
gegecgeceyg ctacgactac cactgeggece tgtccgatge cctgcagect geccccgagyg 1740
ctggacagtg gttccaggcc tacttcgagce agctgctcac caacgccaac ccgeccttet 1800
aa 1802
<210> SEQ ID NO 40

<211> LENGTH: 481

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 40

Met Ala Lys Lys Leu Phe Ile Thr Ala Ala Leu Ala Ala Ala Val Leu
1 5 10 15

Ala Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr

Gln Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly
35 40 45

Ser Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn
50 55 60

Ser Gln Val Thr Ser Ser Thr Thr Pro Ser Ser Thr Ser Thr Ser Gln
65 70 75 80

Arg Ser Thr Ser Thr Ser Ser Ser Thr Thr Arg Ser Gly Ser Ser Ser
85 90 95

Ser Ser Ser Thr Thr Pro Pro Pro Val Ser Ser Pro Val Thr Ser Ile
100 105 110

Pro Gly Gly Ala Thr Ser Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser
115 120 125

Gly Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn
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124

Leu

145

Asp

Ala

Pro

Ala

225

Lys

Pro

Ser

Gln

Gly

305

Ala

Ala

Ser

Ala

385

Gly

Ala

Gly

Tyr

Gln
465

<210>
<211>
<212>
<213>
<400>

atggctcaga agctecttet cgecgecgee cttgeggeca gegecctege tgetcecegte

gtcgaggage gccagaactg cggttecgte tggagccaat geggeggeat tggetggtec

130

Ala

Ala

Thr

Gly

Asp

210

Asn

His

Asp

Asn

Leu

290

Trp

Gly

Thr

Tyr

Phe

370

Asp

Asp

Asn

Gly

His

450

Trp

Ile

Glu

Leu

Ala

195

Arg

Gly

Ile

Ser

Ala

275

Asn

Leu

Ile

Asn

Thr

355

Ser

Thr

Trp

Thr

Glu

435

Cys

Phe

Pro

Val

Met

180

Asn

Asp

Gly

Ile

Met

260

Ala

Leu

Gly

Tyr

Val

340

Ser

Pro

Gly

Cys

Gly

420

Ser

Gly

Gln

SEQUENCE :

Ser

Pro

165

Val

Pro

Cys

Ala

Glu

245

Ala

Ser

Pro

Trp

Asn

325

Ala

Pro

Leu

Arg

Asn

405

His

Asp

Leu

Ala

SEQ ID NO 41
LENGTH:
TYPE: DNA
ORGANISM: Thielavia terrestris

1446

41

Met

150

Ser

Gln

Pro

Ala

Ala

230

Tyr

Asn

Thr

Asn

Pro

310

Asp

Asn

Asn

Leu

Asn

390

Val

Glu

Gly

Ser

Tyr
470

135

Thr

Phe

Thr

Tyr

Ala

215

Asn

Ser

Met

Tyr

Val

295

Ala

Ala

Tyr

Pro

Asn

375

Gly

Lys

Leu

Thr

Asp

455

Phe

Gly

Gln

Leu

Ala

200

Ala

Tyr

Asp

Val

His

280

Ala

Asn

Gly

Asn

Asn

360

Ser

Lys

Gly

Val

Ser

440

Ala

Glu

Thr

Trp

Ser

185

Ala

Ala

Arg

Ile

Thr

265

Glu

Met

Ile

Lys

Ala

345

Tyr

Ala

Gln

Thr

Asp

425

Asp

Leu

Gln

Leu

Leu

170

Gln

Gln

Ser

Ser

Arg

250

Asn

Leu

Tyr

Gln

Pro

330

Trp

Asp

Gly

Pro

Gly

410

Ala

Thr

Gln

Leu

Ala

155

Asp

Val

Leu

Asn

Tyr

235

Ile

Met

Thr

Leu

Pro

315

Ala

Ser

Glu

Phe

Thr

395

Phe

Phe

Ser

Pro

Leu
475

140

Ala

Arg

Arg

Val

Gly

220

Ile

Ile

Asn

Val

Asp

300

Ala

Ala

Ile

Lys

Pro

380

Gly

Gly

Val

Ala

Ala

460

Thr

Lys

Asn

Ala

Val

205

Glu

Asp

Leu

Val

Tyr

285

Ala

Ala

Val

Ala

His

365

Ala

Gln

Val

Trp

Ala

445

Pro

Asn

Ala

Val

Leu

190

Tyr

Phe

Ala

Val

Ala

270

Ala

Gly

Glu

Arg

Ser

350

Tyr

Arg

Gln

Arg

Val

430

Arg

Glu

Ala

Ser

Thr

175

Asn

Asp

Ser

Ile

Ile

255

Lys

Leu

His

Leu

Gly

335

Ala

Ile

Phe

Gln

Pro

415

Lys

Tyr

Ala

Asn

Ala

160

Ile

Lys

Leu

Ile

Arg

240

Glu

Cys

Lys

Ala

Phe

320

Leu

Pro

Glu

Ile

Trp

400

Thr

Pro

Asp

Gly

Pro
480
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126

-continued
ggcgegacct getgegette gggcaatace tgcgttgage tgaacccegta ctactcgeag 180
tgcctgecca acagecaggt gactaccteg accagcaaga ccacctccac caccaccagg 240
agcagcacca ccagccacag cagcggtcecece accagcacga gcaccaccac caccagcagt 300
ccegtggtea ctaccecgece gagtacctece atccceggeyg gtgectcegte aacggecage 360
tggtececggea accegttete gggcgtgecag atgtgggeca acgactacta cgcectcecgag 420
gtetegtege tggecatccee cagcatgacg ggcgcecatgg ccaccaaggce ggecgaggtyg 480
gccaaggtge ccagettcca gtggettgac cgcaacgtca ccatcgacac getgttegece 540
cacacgctgt cgcagatccg cgcggcecaac cagaaaggceg ccaacccgece ctacgeggge 600
atcttegtgg tctacgacct tccggaccge gactgegecyg cegecgegte caacggcgag 660
ttctecateg cgaacaacgg ggcggccaac tacaagacgt acatcgacge gatccggage 720
ctegtecatee agtactcaga catccgeatce atcttegtea tegagcccega ctcegetggece 780
aacatggtga ccaacctgaa cgtggccaag tgcgccaacyg ccgagtcgac ctacaaggag 840
ttgaccgtcet acgegetgca gcagctgaac ctgcccaacyg tggcecatgta cctggacgece 900
ggccacgeeyg getggetegg ctggeccgece aacatccage cggccgecaa cctettegee 960
gagatctaca cgagcgccgg caagcecggcece gecgtgegeg gectcegecac caacgtggec 1020
aactacaacg gctggagect ggccacgecg cectegtaca cccagggega ccccaactac 1080
gacgagagcce actacgtcca ggcectegece cecgcetgetca cegccaacgg cttecccegee 1140
cacttcatca ccgacaccgg ccgcaacgge aagcagccga ccggacaacyg gcaatgggga 1200
gactggtgca acgttatcgg aactggcttc ggcgtgcgec cgacgacaaa caccggectce 1260
gacatcgagyg acgcecttegt ctgggtcaag cccggeggeyg agtgcgacgg cacgagcaac 1320
acgacctcte cccgctacga ctaccactge ggectgtegg acgcgcectgca gectgctecg 1380
gaggccggea cttggttcca ggectactte gagcagetce tgaccaacgce caacccgece 1440
ttttaa 1446

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

D NO 42
H: 481
PRT

<400> SEQUENCE: 42

Met Ala Gln
1

Ala Ala Pro

Gln Cys Gly
35

Asn Thr Cys
50

Ser Gln Val
65

Ser Ser Thr

Thr Thr Ser

Gly Gly Ala

115

Val Gln Met

Lys Leu Leu Leu Ala

Val vVal Glu Glu Arg

Gly Ile Gly Trp Ser

40

Val Glu Leu Asn Pro

55

Thr Thr Ser Thr Ser

70

Thr Ser His Ser Ser

85

Ser Pro Val Val Thr

100

Ser Ser Thr Ala Ser

120

Trp Ala Asn Asp Tyr

Ala

Gln

25

Gly

Tyr

Lys

Gly

Thr

105

Trp

Tyr

Ala

10

Asn

Ala

Tyr

Thr

Pro

90

Pro

Ser

Ala

Leu

Cys

Thr

Ser

Thr

75

Thr

Pro

Gly

Ser

Ala Ala Ser

Gly Ser Val

Cys Cys Ala
45

Gln Cys Leu
60

Ser Thr Thr

Ser Thr Ser

Ser Thr Ser

110

Asn Pro Phe
125

Glu Val Ser

Ala Leu
15

Trp Ser

Ser Gly

Pro Asn

Thr Arg
80

Thr Thr
95
Ile Pro

Ser Gly

Ser Leu
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128

Ala

145

Ala

Thr

Gly

Asp

Asn

225

Leu

Asp

Asn

Leu

Trp

305

Glu

Thr

Tyr

Leu

Asp

385

Asp

Asn

Gly

Trp
465

Phe

<210>
<211>
<212>
<213>
<400>

atgatgtaca agaagttcge cgctctegee geectegtgg ctggegeege cgeccageag

gettgetece tcaccactga gacccaccce agactcactt ggaagegetyg cacctetgge

130

Ile

Lys

Leu

Ala

Arg

210

Asn

Val

Ser

Ala

Asn

290

Leu

Ile

Asn

Thr

Ala

370

Thr

Trp

Thr

Glu

Cys

450

Phe

Pro

Val

Phe

Asn

195

Asp

Gly

Ile

Leu

Glu

275

Leu

Gly

Tyr

Val

Gln

355

Pro

Gly

Cys

Gly

Cys

435

Gly

Gln

Ser

Pro

Ala

180

Pro

Cys

Ala

Gln

Ala

260

Ser

Pro

Trp

Thr

Ala

340

Gly

Leu

Arg

Asn

Leu

420

Asp

Leu

Ala

SEQUENCE :

Met

Ser

165

His

Pro

Ala

Ala

Tyr

245

Asn

Thr

Asn

Pro

Ser

325

Asn

Asp

Leu

Asn

Val

405

Asp

Gly

Ser

Tyr

SEQ ID NO 43
LENGTH:
TYPE: DNA
ORGANISM: Chaetomium thermophilum

1593

43

Thr

150

Phe

Thr

Tyr

Ala

Asn

230

Ser

Met

Tyr

Val

Ala

310

Ala

Tyr

Pro

Thr

Gly

390

Ile

Ile

Thr

Asp

Phe
470

135

Gly

Gln

Leu

Ala

Ala

215

Tyr

Asp

Val

Lys

Ala

295

Asn

Gly

Asn

Asn

Ala

375

Lys

Gly

Glu

Ser

Ala

455

Glu

Ala

Trp

Ser

Gly

200

Ala

Lys

Ile

Thr

Glu

280

Met

Ile

Lys

Gly

Tyr

360

Asn

Gln

Thr

Asp

Asn

440

Leu

Gln

Met

Leu

Gln

185

Ile

Ser

Thr

Arg

Asn

265

Leu

Tyr

Gln

Pro

Trp

345

Asp

Gly

Pro

Gly

Ala

425

Thr

Gln

Leu

Ala

Asp

170

Ile

Phe

Asn

Tyr

Ile

250

Leu

Thr

Leu

Pro

Ala

330

Ser

Glu

Phe

Thr

Phe

410

Phe

Thr

Pro

Leu

Thr

155

Arg

Arg

Val

Gly

Ile

235

Ile

Asn

Val

Asp

Ala

315

Ala

Leu

Ser

Pro

Gly

395

Gly

Val

Ser

Ala

Thr
475

140

Lys

Asn

Ala

Val

Glu

220

Asp

Phe

Val

Tyr

Ala

300

Ala

Val

Ala

His

Ala

380

Gln

Val

Trp

Pro

Pro

460

Asn

Ala

Val

Ala

Tyr

205

Phe

Ala

Val

Ala

Ala

285

Gly

Asn

Arg

Thr

Tyr

365

His

Arg

Arg

Val

Arg

445

Glu

Ala

Ala

Thr

Asn

190

Asp

Ser

Ile

Ile

Lys

270

Leu

His

Leu

Gly

Pro

350

Val

Phe

Gln

Pro

Lys

430

Tyr

Ala

Asn

Glu

Ile

175

Gln

Leu

Ile

Arg

Glu

255

Cys

Gln

Ala

Phe

Leu

335

Pro

Gln

Ile

Trp

Thr

415

Pro

Asp

Gly

Pro

Val

160

Asp

Lys

Pro

Ala

Ser

240

Pro

Ala

Gln

Gly

Ala

320

Ala

Ser

Ala

Thr

Gly

400

Thr

Gly

Tyr

Thr

Pro
480
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129 130

-continued
ggcaactgct cgaccgtgaa cggcgccgtc accatcgatg ccaactggeg ctggactcac 180
actgtttceg gctcgaccaa ctgctacacc ggcaacgagt gggatacctc catctgetct 240
gatggcaaga gctgcgccca gacctgctge gtcegacggeg ctgactactce ttcgacctat 300
ggtatcacca ccagcggtga ctccctgaac ctcaagttceg tcaccaagca ccagcacggce 360
accaatgtcg gctctegtgt ctacctgatg gagaacgaca ccaagtacca gatgttcgag 420
ctccteggea acgagttcac cttcegatgte gatgtctcta acctgggetyg cggtctcaac 480
ggcgccctet acttegtete catggacget gatggtggta tgagcaagta ctctggcaac 540
aaggctggeg ccaagtacgg taccggctac tgcgatgctce agtgccegeg cgaccttaag 600
ttcatcaacg gcgaggccaa cattgagaac tggacccctt cgaccaatga tgccaacgcc 660
ggtttcggee gctatggecag ctgctgetcet gagatggata tctgggatgce caacaacatg 720
gctactgect tcactcctca cecttgcacce attatcggece agagccgcetg cgagggcaac 780
agctgeggtg gcacctacag ctctgagcege tatgcetggtg tttgcgatce tgatggetge 840
gacttcaacg cctaccgcca gggcgacaag accttctacg gcaagggcat gaccgtcgac 900
accaccaaga agatgaccgt cgtcacccag ttccacaaga actcggetgg cgtectcagce 960

gagatcaagc gcttctacgt tcaggacggc aagatcattg ccaacgccga gtccaagatce 1020
cceggeaace ccggcaacte catcacccag gagtggtgeg atgeccagaa ggtcegectte 1080
ggtgacatcg atgacttcaa ccgcaagggc ggtatggctce agatgagcaa ggccctcgag 1140
ggcectatgg tectggtcat gteegtetgg gatgaccact acgccaacat gctectggetce 1200
gactcgacct accccattga caaggecgge acccceggeg cegagegegg tgettgeeeg 1260
accaccteceg gtgteccctge cgagattgag gcccaggtcecce ccaacagcaa cgttatctte 1320
tccaacatce getteggece catcggeteg accgtcecctyg gectegacgyg cagcacccce 1380
agcaacccga ccgccaccegt tgctcectece acttctacca ccaccagegt gagaagcagce 1440
actactcaga tttccaccce gactagecag ceeggegget gcaccaccca gaagtgggge 1500
cagtgcggtg gtatcggcta caccggctgce actaactgeg ttgctggcac tacctgcact 1560
gagctcaacc cctggtacag ccagtgcectg taa 1593
<210> SEQ ID NO 44

<211> LENGTH: 530

<212> TYPE: PRT

<213> ORGANISM: Chaetomium thermophilum

<400> SEQUENCE: 44

Met Met Tyr Lys Lys Phe Ala Ala Leu Ala Ala Leu Val Ala Gly Ala
1 5 10 15

Ala Ala Gln Gln Ala Cys Ser Leu Thr Thr Glu Thr His Pro Arg Leu
20 25 30

Thr Trp Lys Arg Cys Thr Ser Gly Gly Asn Cys Ser Thr Val Asn Gly
35 40 45

Ala Val Thr Ile Asp Ala Asn Trp Arg Trp Thr His Thr Val Ser Gly
50 55 60

Ser Thr Asn Cys Tyr Thr Gly Asn Glu Trp Asp Thr Ser Ile Cys Ser
65 70 75 80

Asp Gly Lys Ser Cys Ala Gln Thr Cys Cys Val Asp Gly Ala Asp Tyr
85 90 95

Ser Ser Thr Tyr Gly Ile Thr Thr Ser Gly Asp Ser Leu Asn Leu Lys
100 105 110
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Phe

Leu

Glu

145

Gly

Tyr

Ala

Glu

Tyr

225

Ala

Cys

Gly

Asp

Met

305

Glu

Glu

Cys

Lys

Leu

385

Asp

Gly

Gly

Ala

465

Thr

Gln

Cys

Cys

Val

Met

130

Phe

Ala

Ser

Gln

Asn

210

Gly

Thr

Glu

Val

Lys

290

Thr

Ile

Ser

Asp

Gly

370

Val

Ser

Ala

Pro

Ser

450

Thr

Thr

Lys

Val

Leu

Thr

115

Glu

Thr

Leu

Gly

Cys

195

Trp

Ser

Ala

Gly

Cys

275

Thr

Val

Lys

Lys

Ala

355

Gly

Met

Thr

Cys

Asn

435

Thr

Val

Gln

Trp

Ala
515

Lys

Asn

Phe

Tyr

Asn

180

Pro

Thr

Cys

Phe

Asn

260

Asp

Phe

Val

Arg

Ile

340

Gln

Met

Ser

Tyr

Pro

420

Ser

Val

Ala

Ile

Gly
500

Gly

His

Asp

Asp

Phe

165

Lys

Arg

Pro

Cys

Thr

245

Ser

Pro

Tyr

Thr

Phe

325

Pro

Lys

Ala

Val

Pro

405

Thr

Asn

Pro

Pro

Ser
485

Gln

Thr

Gln

Thr

Val

150

Val

Ala

Asp

Ser

Ser

230

Pro

Cys

Asp

Gly

Gln

310

Tyr

Gly

Val

Gln

Trp

390

Ile

Thr

Val

Gly

Pro
470
Thr

Cys

Thr

His

Lys

135

Asp

Ser

Gly

Leu

Thr

215

Glu

His

Gly

Gly

Lys

295

Phe

Val

Asn

Ala

Met

375

Asp

Asp

Ser

Ile

Leu

455

Thr

Pro

Gly

Cys

Gly

120

Tyr

Val

Met

Ala

Lys

200

Asn

Met

Pro

Gly

Cys

280

Gly

His

Gln

Pro

Phe

360

Ser

Asp

Lys

Gly

Phe

440

Asp

Ser

Thr

Gly

Thr
520

Thr

Gln

Ser

Asp

Lys

185

Phe

Asp

Asp

Cys

Thr

265

Asp

Met

Lys

Asp

Gly

345

Gly

Lys

His

Ala

Val

425

Ser

Gly

Thr

Ser

Ile
505

Glu

Asn

Met

Asn

Ala

170

Tyr

Ile

Ala

Ile

Thr

250

Tyr

Phe

Thr

Asn

Gly

330

Asn

Asp

Ala

Tyr

Gly

410

Pro

Asn

Ser

Thr

Gln
490

Gly

Leu

Val

Phe

Leu

155

Asp

Gly

Asn

Asn

Trp

235

Ile

Ser

Asn

Val

Ser

315

Lys

Ser

Ile

Leu

Ala

395

Thr

Ala

Ile

Thr

Thr
475
Pro

Tyr

Asn

Gly

Glu

140

Gly

Gly

Thr

Gly

Ala

220

Asp

Ile

Ser

Ala

Asp

300

Ala

Ile

Ile

Asp

Glu

380

Asn

Pro

Glu

Arg

Pro

460

Ser

Gly

Thr

Pro

Ser

125

Leu

Cys

Gly

Gly

Glu

205

Gly

Ala

Gly

Glu

Tyr

285

Thr

Gly

Ile

Thr

Asp

365

Gly

Met

Gly

Ile

Phe

445

Ser

Val

Gly

Gly

Trp
525

Arg

Leu

Gly

Met

Tyr

190

Ala

Phe

Asn

Gln

Arg

270

Arg

Thr

Val

Ala

Gln

350

Phe

Pro

Leu

Ala

Glu

430

Gly

Asn

Arg

Cys

Cys

510

Tyr

Val

Gly

Leu

Ser

175

Cys

Asn

Gly

Asn

Ser

255

Tyr

Gln

Lys

Leu

Asn

335

Glu

Asn

Met

Trp

Glu

415

Ala

Pro

Pro

Ser

Thr
495

Thr

Ser

Tyr

Asn

Asn

160

Lys

Asp

Ile

Arg

Met

240

Arg

Ala

Gly

Lys

Ser

320

Ala

Trp

Arg

Val

Leu

400

Arg

Gln

Ile

Thr

Ser
480
Thr

Asn

Gln
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-continued

530
<210> SEQ ID NO 45
<211> LENGTH: 1434
<212> TYPE: DNA
<213> ORGANISM: Chaetomium thermophilum
<400> SEQUENCE: 45
atggctaage agctgetget cactgecget cttgeggeca cttegetgge tgccectete 60
cttgaggagce gccagagetg ctecteegte tggggtcaat geggtggeat caattacaac 120
ggeccgacct getgecagte cggcagtgtt tgcacttace tgaatgactg gtacagccag 180
tgcattcceg gtcaggcectca gecccggeacg actagcacca cggctceggac caccagcace 240
agcaccacca gcacttegtce ggtccgecceg accacctega atacccctgt gacgactget 300
ccecegacga ccaccatccoe gggcggegece tcgagcacgg ccagctacaa cggcaacccyg 360
ttttegggtyg ttcaactttyg ggccaacacce tactactegt ccgaggtgca cactttggece 420
atccecaget tgtctectga getggetgee aaggcecgeca aggtegcetga ggttceccage 480
ttccagtgge tcgaccgcaa tgtgactgtt gacactctet tcetecggcac tettgecgaa 540
atccgegeceg ccaaccagceg cggtgccaac cegecttatg ceggecatttt cgtggtttat 600
gacttaccag accgtgattg cgcggcetget gettcgaacyg gegagtggtce tatcgccaac 660
aatggtgcca acaactacaa gcgctacatc gaccggatce gtgagctect tatccagtac 720
tcecgatatcee gcactattcet ggtcattgaa cctgattcecee tggccaacat ggtcaccaac 780
atgaacgtce agaagtgctc gaacgctgece tecacttaca aggagcttac tgtctatgece 840
ctcaaacagce tcaatcttcce tcacgttgec atgtacatgg atgctggeca cgcetggetgg 900
cttggetgge ccgccaacat ccagectget getgagetet ttgctcaaat ctaccgegac 960
gctggcagge ccgcetgetgt ccgeggtett gecgaccaacg ttgccaacta caatgcettgg 1020
tcgatcgeca gecctcecgte ctacacctcet cctaacccga actacgacga gaagcactat 1080
attgaggcct ttgctcctet tetceccgcaac cagggctteg acgcaaagtt catcgtcegac 1140
accggecegta acggcaagca gcccactggce cagcttgaat ggggtcactg gtgcaatgtce 1200
aagggaactg gctteggtgt gegccctact gctaacactg ggcatgaact tgttgatget 1260
ttegtgtggg tcaagccegyg tggcgagtce gacggcacca gtgcggacac cagcgctgcet 1320
cgttatgact atcactgcgg cctttcecgac gcactgactce cggcgcectga ggctggccaa 1380
tggttccagg cttatttcga acagctgctce atcaatgcca acccteccget ctga 1434

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 46
H: 477
PRT

<213> ORGANISM: Chaetomium thermophilum

<400> SEQUENCE: 46

Met Ala Lys
1

Ala Ala Pro
Gln Cys Gly
35

Ser Val Cys
50

Gln Ala Gln

Gln Leu Leu Leu Thr

Leu Leu Glu Glu Arg

20

Gly Ile Asn Tyr Asn

40

Thr Tyr Leu Asn Asp

55

Pro Gly Thr Thr Ser

Ala

Gln

25

Gly

Trp

Thr

Ala

10

Ser

Pro

Tyr

Thr

Leu

Cys

Thr

Ser

Ala

Ala Ala Thr
Ser Ser Val
30

Cys Cys Gln
45

Gln Cys Ile
60

Arg Thr Thr

Ser Leu

15

Trp Gly

Ser Gly

Pro Gly

Ser Thr
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65

Ser

Thr

Asn

Ser

145

Phe

Thr

Tyr

Ala

Asn

225

Ser

Met

Tyr

Ala

305

Ala

Tyr

Pro

Arg

Gly

385

Lys

Leu

Thr

Ser

Tyr
465

Thr

Thr

Ala

Thr

130

Pro

Gln

Leu

Ala

Ala

210

Tyr

Asp

Val

Lys

Ala

290

Asn

Gly

Asn

Asn

Asn

370

Lys

Gly

Val

Ser

Asp
450

Phe

Thr

Thr

Ser

115

Tyr

Glu

Trp

Ala

Gly

195

Ala

Lys

Ile

Thr

Glu

275

Met

Ile

Arg

Ala

Tyr

355

Gln

Gln

Thr

Asp

Ala
435

Ala

Glu

Ser

Ala

100

Tyr

Tyr

Leu

Leu

Glu

180

Ile

Ser

Arg

Arg

Asn

260

Leu

Tyr

Gln

Pro

Trp

340

Asp

Gly

Pro

Gly

Ala
420
Asp

Leu

Gln

<210> SEQ ID NO

Thr

85

Pro

Asn

Ser

Ala

Asp

165

Ile

Phe

Asn

Tyr

Thr

245

Met

Thr

Met

Pro

Ala

325

Ser

Glu

Phe

Thr

Phe

405

Phe

Thr

Thr

Leu

47

70

Ser

Pro

Gly

Ser

Ala

150

Arg

Arg

Val

Gly

Ile

230

Ile

Asn

Val

Asp

Ala

310

Ala

Ile

Lys

Asp

Gly

390

Gly

Val

Ser

Pro

Leu
470

Ser

Thr

Asn

Glu

135

Lys

Asn

Ala

Val

Glu

215

Asp

Leu

Val

Tyr

Ala

295

Ala

Val

Ala

His

Ala

375

Gln

Val

Trp

Ala

Ala
455

Ile

Val

Thr

Pro

120

Val

Ala

Val

Ala

Tyr

200

Trp

Arg

Val

Gln

Ala

280

Gly

Glu

Arg

Ser

Tyr

360

Lys

Leu

Arg

Val

Ala
440

Pro

Asn

Arg

Thr

105

Phe

His

Ala

Thr

Asn

185

Asp

Ser

Ile

Ile

Lys

265

Leu

His

Leu

Gly

Pro

345

Ile

Phe

Glu

Pro

Lys

425

Arg

Glu

Ala

Pro

90

Ile

Ser

Thr

Lys

Val

170

Gln

Leu

Ile

Arg

Glu

250

Cys

Lys

Ala

Phe

Leu

330

Pro

Glu

Ile

Trp

Thr

410

Pro

Tyr

Ala

Asn

75

Thr

Pro

Gly

Leu

Val

155

Asp

Arg

Pro

Ala

Glu

235

Pro

Ser

Gln

Gly

Ala

315

Ala

Ser

Ala

Val

Gly

395

Ala

Gly

Asp

Gly

Pro
475

Thr

Gly

Val

Ala

140

Ala

Thr

Gly

Asp

Asn

220

Leu

Asp

Asn

Leu

Trp

300

Gln

Thr

Tyr

Phe

Asp

380

Asn

Gly

Tyr

Gln
460

Pro

Ser

Gly

Gln

125

Ile

Glu

Leu

Ala

Arg

205

Asn

Leu

Ser

Ala

Asn

285

Leu

Ile

Asn

Thr

Ala

365

Thr

Trp

Thr

Glu

His
445

Trp

Leu

Asn

Ala

110

Leu

Pro

Val

Phe

Asn

190

Asp

Gly

Ile

Leu

Ala

270

Leu

Gly

Tyr

Val

Ser

350

Pro

Gly

Cys

Gly

Ser
430

Cys

Phe

Thr

95

Ser

Trp

Ser

Pro

Ser

175

Pro

Cys

Ala

Gln

Ala

255

Ser

Pro

Trp

Arg

Ala

335

Pro

Leu

Arg

Asn

His

415

Asp

Gly

Gln

80

Pro

Ser

Ala

Leu

Ser

160

Gly

Pro

Ala

Asn

Tyr

240

Asn

Thr

His

Pro

Asp

320

Asn

Asn

Leu

Asn

Val

400

Glu

Gly

Leu

Ala
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137 138

-continued
<211> LENGTH: 1599
<212> TYPE: DNA
<213> ORGANISM: Aspergillus fumigatus
<400> SEQUENCE: 47
atgctggect ccaccttete ctaccgeatg tacaagaceg cgctcatect ggecgecctt 60
ctgggetetyg gecaggetca geaggteggt actteccagg cggaagtgca tcegtcecatg 120
acctggcaga gctgcacgge tggeggcage tgcaccacca acaacggcaa ggtggtcate 180
gacgcgaact ggegttgggt gcacaaagtc ggcgactaca ccaactgcta caccggcaac 240
acctgggaca cgactatctg cectgacgat gegacctgeg catccaactg cgeccttgag 300
ggtgccaact acgaatccac ctatggtgtg accgccageg gcaattcect cegectcaac 360
ttcgtcacca ccagccagca gaagaacatt ggetegegte tgtacatgat gaaggacgac 420
tcgacctacyg agatgtttaa getgectgaac caggagtteca cettegatgt cgatgtctcece 480
aacctecect geggtetcaa cggtgetetyg tactttgteg cecatggacge cgacggtgge 540
atgtccaagt acccaaccaa caaggccggt gccaagtacg gtactggata ctgtgacteg 600
cagtgcecte gcgacctcaa gttcatcaac ggtcaggeca acgtcgaagg gtggcagecce 660
tcctecaacyg atgccaatge gggtaccgge aaccacgggt cetgetgege ggagatggat 720
atctgggagg ccaacagcat ctccacggece ttcaccecece atcegtgega cacgeccegge 780
caggtgatgt gcaccggtga tgectgeggt ggcacctaca getecgacceg ctacggegge 840
acctgcgace ccgacggatg tgatttcaac tcctteegec agggcaacaa gaccttctac 900
ggcectggea tgaccgtcga caccaagage aagtttacceg tegtcaccca gttcatcacce 960

gacgacggca cctccagegg caccctcaag gagatcaage gettctacgt gcagaacgge 1020
aaggtgatce ccaactcgga gtcgacctgg accggcegtcea geggcaactce catcaccace 1080
gagtactgca ccgceccagaa gagectgttce caggaccaga acgtcttcga aaagcacggce 1140
ggcctcgagyg gcatgggtge tgccctegece cagggtatgg ttcectcegtcat gtecectgtgg 1200
gatgatcact cggccaacat gctcectggctce gacagcaact acccgaccac tgcctcttece 1260

accactcceg gegtegeeceg tggtacctge gacatctect cecggegtceece tgcggatgte 1320

gaggcgaace accccgacge ctacgtegte tactccaaca tcaaggtegyg ccccategge 1380
tcgaccttca acageggtgg ctegaaccee ggtggeggaa ccaccacgac aactaccacce 1440
cagcctacta ccaccacgac cacggctgga aaccctggeg gecaccggagt cgcacagcac 1500

tatggccagt gtggtggaat cggatggacc ggacccacaa cctgtgccag cccttatacce 1560
tgccagaagce tgaatgatta ttactctcag tgcctgtag 1599
<210> SEQ ID NO 48

<211> LENGTH: 532

<212> TYPE: PRT

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 48

Met Leu Ala Ser Thr Phe Ser Tyr Arg Met Tyr Lys Thr Ala Leu Ile
1 5 10 15

Leu Ala Ala Leu Leu Gly Ser Gly Gln Ala Gln Gln Val Gly Thr Ser
20 25 30

Gln Ala Glu Val His Pro Ser Met Thr Trp Gln Ser Cys Thr Ala Gly
35 40 45

Gly Ser Cys Thr Thr Asn Asn Gly Lys Val Val Ile Asp Ala Asn Trp
50 55 60
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-continued

140

Arg

Thr

Cys

Ser

Asn

Met

145

Asn

Ala

Tyr

Ile

Ala

225

Ile

Asp

Tyr

Phe

Thr

305

Asp

Leu

Met

385

Asp

Thr

Ser

Ser
465

Trp

Trp

Ala

Gly

Ile

130

Phe

Leu

Asp

Gly

Asn

210

Asn

Trp

Thr

Ser

Asn

290

Val

Asp

Gln

Ser

Phe

370

Gly

Asp

Ala

Ser

Val
450

Gly

Val

Asp

Leu

Asn

115

Gly

Lys

Pro

Gly

Thr

195

Gly

Ala

Glu

Pro

Ser

275

Ser

Asp

Gly

Asn

Gly

355

Gln

Ala

His

Ser

Gly
435

Tyr

Gly

His

Thr

Glu

100

Ser

Ser

Leu

Cys

Gly

180

Gly

Gln

Gly

Ala

Gly

260

Asp

Phe

Thr

Thr

Gly

340

Asn

Asp

Ala

Ser

Ser
420
Val

Ser

Ser

Lys

Thr

85

Gly

Leu

Arg

Leu

Gly

165

Met

Tyr

Ala

Thr

Asn

245

Gln

Arg

Arg

Lys

Ser

325

Lys

Ser

Gln

Leu

Ala

405

Thr

Pro

Asn

Asn

Val

70

Ile

Ala

Arg

Leu

Asn

150

Leu

Ser

Cys

Asn

Gly

230

Ser

Val

Tyr

Gln

Ser

310

Ser

Val

Ile

Asn

Ala

390

Asn

Thr

Ala

Ile

Pro
470

Gly

Cys

Asn

Leu

Tyr

135

Gln

Asn

Lys

Asp

Val

215

Asn

Ile

Met

Gly

Gly

295

Lys

Gly

Ile

Thr

Val

375

Gln

Met

Pro

Asp

Lys

455

Gly

Asp

Pro

Tyr

Asn

120

Met

Glu

Gly

Tyr

Ser

200

Glu

His

Ser

Cys

Gly

280

Asn

Phe

Thr

Pro

Thr

360

Phe

Gly

Leu

Gly

Val
440

Val

Gly

Tyr

Asp

Glu

105

Phe

Met

Phe

Ala

Pro

185

Gln

Gly

Gly

Thr

Thr

265

Thr

Lys

Thr

Leu

Asn

345

Glu

Glu

Met

Trp

Val
425
Glu

Gly

Gly

Thr

Asp

90

Ser

Val

Lys

Thr

Leu

170

Thr

Cys

Trp

Ser

Ala

250

Gly

Cys

Thr

Val

Lys

330

Ser

Tyr

Lys

Val

Leu

410

Ala

Ala

Pro

Thr

Asn

75

Ala

Thr

Thr

Asp

Phe

155

Tyr

Asn

Pro

Gln

Cys

235

Phe

Asp

Asp

Phe

Val

315

Glu

Glu

Cys

His

Leu

395

Asp

Arg

Asn

Ile

Thr
475

Cys

Thr

Tyr

Thr

Asp

140

Asp

Phe

Lys

Arg

Pro

220

Cys

Thr

Ala

Pro

Tyr

300

Thr

Ile

Ser

Thr

Gly

380

Val

Ser

Gly

His

Gly

460

Thr

Tyr

Cys

Gly

Ser

125

Ser

Val

Val

Ala

Asp

205

Ser

Ala

Pro

Cys

Asp

285

Gly

Gln

Lys

Thr

Ala

365

Gly

Met

Asn

Thr

Pro
445

Ser

Thr

Thr

Ala

Val

110

Gln

Thr

Asp

Ala

Gly

190

Leu

Ser

Glu

His

Gly

270

Gly

Pro

Phe

Arg

Trp

350

Gln

Leu

Ser

Tyr

Cys

430

Asp

Thr

Thr

Gly

Ser

95

Thr

Gln

Tyr

Val

Met

175

Ala

Lys

Asn

Met

Pro

255

Gly

Cys

Gly

Ile

Phe

335

Thr

Lys

Glu

Leu

Pro

415

Asp

Ala

Phe

Thr

Asn

80

Asn

Ala

Lys

Glu

Ser

160

Asp

Lys

Phe

Asp

Asp

240

Cys

Thr

Asp

Met

Thr

320

Tyr

Gly

Ser

Gly

Trp

400

Thr

Ile

Tyr

Asn

Thr
480



141

US 9,416,384 B2

-continued

142

Gln

Thr

Ser

<210>
<211>
<212>
<213>

<400>

Pro

Ala

Thr

Gln
530

Thr

Gln

Cys

515

Cys

Thr Thr Thr Thr Thr

485

His Tyr Gly Gln Cys

500

Ala Gly Asn
490

Gly Gly Ile
505

Ala Ser Pro Tyr Thr Cys Gln Lys

Leu

SEQ ID NO 49
LENGTH: 1713
TYPE: DNA

ORGANISM: Aspergillus fumigatus

SEQUENCE: 49

atgaagcacc ttgcatctte

cagaccgtat

tgatatgett

agcctgtage

acttccttag

acgacgacgg

actacatccg

gccaaccect

ctgcagececa

ttatcccaat

actatgggaa

atcgctggta

aatggcgagt

atcegtgete

tacaccteeg

cctggtgace

tgtcgactat

tatgcctcac

ctggetegga

cgacgcgggt

ctggtegete

gtacatcaac

ggatacctgt

cggaatggcg

accggetteg

tggatcaage

gegecactgeyg

gtatgtcatc

cagcttetga

ggggccaatg

ctaggtggcg

acactgaatc

actacgctca

cggcgacgac

cacccaccgt

actactcctce

aggctagtge

actgagacca

cctacctgge

tettegtggt

actcaattge

agctggtgaa

ttgcgegecyg

aacctcaacyg

getetgaage

ttcecegeatt

tggccegeca

tceceecegegy

agtacctgec

gecatggege

aagtgcttat

tccageccac

gtgttcgece

ccggtggaga

gatatagtga

cattagccag

ccaacgctaa

520

catcgcattyg

tatgttctgg

gccaaggety

cctgtatgtt

gtgtatcceyg

gacatcccag

gaccgcatce

cgaggtecat

tgttgctgaa

actctetgac

cgacattcag

ctacgacttg

caacaacggt

gtactctgac

cctttetety

tcgccaaatg

agctcaacct

ctgtatcect

acttgggecec

ctgttegtygyg

cctectacac

ctcttctcaa

tccaategec

gaagcaaaac

ctcgactaac

gagtgatgge

tgctctgeag

atgagggata

ccegtecttt

actctactgt

ctgtcactygyg

gtctggeccy

agatatcgte

ggagccaccyg

accaccacca

ggtaacccett

actctggeca

gtgcccteat

agtcgtageg

gccaagaaca

ceggacegty

gtggccaact

gttcacacca

acatcttgeca

cgccaatgeg

gcccaacgte

tccagacact

cgcegcaaca

cctggecace

ccagggagac

ggaagccggc

gatgtgtgee

gecetggggty

accggcgatce

acgtccaact

cctgetectyg

agtgactgac

taa

Pro Gly Gly Thr Gly

495

Gly Trp Thr Gly Pro

510

Leu Asn Asp Tyr Tyr

525

tgcctgeegt

aataagactg

acgagcetgtyg

ctgagtggag

cgacgtccac

aacctaccac

tcagcggceta

tgccttetet

ttgtttgget

acgttgecege

aggccggcgce

actgcgeege

acaaggcgta

tcctegteat

gaacccgaca

cagagcgect

gccatgtace

aactcatcag

ctcttegeca

aacgtcgeca

cccaactgeg

ttcgatgece

gactaatcaa

actggtgcaa

cgctecagga

cgactteceee

aggctggtac

ggacctagge

gcaggcccag

tatcaactge

ttgceggege

acttatactg

cacccteacy

gactggtcca

ccagctgtat

geccageteg

gtaagtggce

caaggtgece

caaccctect

tctggecagt

cattgacgee

cggtaggccg

gettggcecaa

acctggagtyg

tcgacgcagyg

gccatgcggg

aagtctacac

actacaacgce

acgagaagaa

acttcatcat

tgtttcagee

cgtcatcgge

tgcctttgtyg

ccggtatgac

ttggttccag

ctactttgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1713
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143 144

-continued

<210> SEQ ID NO 50

<211> LENGTH: 454

<212> TYPE: PRT

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 50

Met Lys His Leu Ala Ser Ser Ile Ala Leu Thr Leu Leu Leu Pro Ala
1 5 10 15

Val Gln Ala Gln Gln Thr Val Trp Gly Gln Cys Gly Gly Gln Gly Trp
20 25 30

Ser Gly Pro Thr Ser Cys Val Ala Gly Ala Ala Cys Ser Thr Leu Asn
35 40 45

Pro Tyr Tyr Ala Gln Cys Ile Pro Gly Ala Thr Ala Thr Ser Thr Thr
50 55 60

Leu Thr Thr Thr Thr Ala Ala Thr Thr Thr Ser Gln Thr Thr Thr Lys
65 70 75 80

Pro Thr Thr Thr Gly Pro Thr Thr Ser Ala Pro Thr Val Thr Ala Ser
85 90 95

Gly Asn Pro Phe Ser Gly Tyr Gln Leu Tyr Ala Asn Pro Tyr Tyr Ser
100 105 110

Ser Glu Val His Thr Leu Ala Met Pro Ser Leu Pro Ser Ser Leu Gln
115 120 125

Pro Lys Ala Ser Ala Val Ala Glu Val Pro Ser Phe Val Trp Leu Asp
130 135 140

Val Ala Ala Lys Val Pro Thr Met Gly Thr Tyr Leu Ala Asp Ile Gln
145 150 155 160

Ala Lys Asn Lys Ala Gly Ala Asn Pro Pro Ile Ala Gly Ile Phe Val
165 170 175

Val Tyr Asp Leu Pro Asp Arg Asp Cys Ala Ala Leu Ala Ser Asn Gly
180 185 190

Glu Tyr Ser Ile Ala Asn Asn Gly Val Ala Asn Tyr Lys Ala Tyr Ile
195 200 205

Asp Ala Ile Arg Ala Gln Leu Val Lys Tyr Ser Asp Val His Thr Ile
210 215 220

Leu Val Ile Glu Pro Asp Ser Leu Ala Asn Leu Val Thr Asn Leu Asn
225 230 235 240

Val Ala Lys Cys Ala Asn Ala Gln Ser Ala Tyr Leu Glu Cys Val Asp
245 250 255

Tyr Ala Leu Lys Gln Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp
260 265 270

Ala Gly His Ala Gly Trp Leu Gly Trp Pro Ala Asn Leu Gly Pro Ala
275 280 285

Ala Thr Leu Phe Ala Lys Val Tyr Thr Asp Ala Gly Ser Pro Ala Ala
290 295 300

Val Arg Gly Leu Ala Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Leu
305 310 315 320

Ser Thr Cys Pro Ser Tyr Thr Gln Gly Asp Pro Asn Cys Asp Glu Lys
325 330 335

Lys Tyr Ile Asn Ala Met Ala Pro Leu Leu Lys Glu Ala Gly Phe Asp
340 345 350

Ala His Phe Ile Met Asp Thr Ser Arg Asn Gly Val Gln Pro Thr Lys
355 360 365

Gln Asn Ala Trp Gly Asp Trp Cys Asn Val Ile Gly Thr Gly Phe Gly
370 375 380



145

US 9,416,384 B2
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146

Val Arg Pro

Trp Ile Lys

Pro Arg Tyr

Pro Glu Ala

435

Asn Ala Asn
450

Ser

Pro

Asp

420

Gly

Pro

Thr Asn Thr Gly Asp Pro Leu

390

395

Gly Gly Glu Ser Asp Gly Thr

405

Ala His Cys Gly

410

Tyr Ser Asp
425

Thr Trp Phe Gln Ala Tyr Phe

440

Ser Phe

<210> SEQ ID NO 51

<211> LENGT.
<212> TYPE:

H:
DNA

2586

<213> ORGANISM: Aspergillus oryzae

<400> SEQUENCE:

atgaagcttg

gatgatcteg

tgggcggaag

gtcaacttaa

gttcccagac

tcggactaca

ctegectace

cagctgggte

ggtttctcac

caagatgetg

cgccaacaac

gttgatgaca

ggagtcggtg

agcgaaactc

gattggaccyg

cceggtgatyg

gtccttaacy

gcttattaca

agggacgaat

gaattcgtgg

actgttectge

cttetgggag

tgcgataacg

gtgacaccag

gtgaccgaca

ctegtgtteg

gatcgtaaca

aactgtaaca

51

gttggatcga ggtggecgca

cgtactccce tectttetac

tatacaaacyg cgctgtagac

cgactggaac aggatggcaa

tcaacatcce cagettgtgt

attcagcettt ccctgegggt

ttcgtggtca ggcaatgggt

ctgetgetgyg cecteteggt

cagatccage cctcaccggt

gtgtcattge gacagctaag

ccgaggetge gggttacgga

agactatgca tgaattgtac

ctgtcatgtyg ctcttacaac

tgaacaagct tttgaaggceg

ctcatcacag cggcgtagge

ttaccttcega tagtggtacyg

gtacaatcce ccaatggegt

aggttggceg cgacaccaaa

atggtttcge gcataaccat

acgtgcaacyg cgatcatgec

tgaagaacaa gggtgccttg

aggatgcggyg ttccaacteg

gtacccttge catggectgg

agcaggcgat tcagaacgaa

gttgggeget cgacaagatce

tcaactccga ctcaggagaa

acatcactct gtggaagaac

acaccgttgt catcatccac

ttggeggetyg
ccttecccat
atagtttcece
ctagagaggt
ttgcaggata
gttaatgtcyg
gaggagttca
gctecatcegy
gtactttttyg
cattatatca
ttcaacgtaa
ctetggeect
caaatcaaca
gagettggtt
getgetttag
tetttetggg
gttgatgaca
tacaccccte
gtttcggaag
gacctaatce
ceccttgagec

tggggcgcta

ggtagcggta

gttettcagy

getgeggetg

ggctatctta

ggcgacaatg

tcegteggac

Gln Asp Ala

Ser Asn Ser

Phe Val
400

Thr Ser
415

Ala Leu Gln Pro Ala

430

Glu Gln Leu Leu Thr

445

cctcagtagt

gggcagatgg

agatgacgtt

gtgttggaca

gtcetettgg

ctgccaccty

gtgataaggg

atggcggtag

cggagacgat

tgaacgaaca

gcgacagttt

tcgeggatge

acagctacgg

tccaaggett

caggtctgga

gtgcaaactt

tggctgtecey

ccaacttcag

gtgcttacga

gtcgecategg

gcaaggaaaa

acggctgtga

ctgcgaattt

geegtggtaa

ccegecagge

gtgtggatgg

tggtcaagac

cagttttgat

cagtgccaag

tcagggtgaa

gacagagaaa

aactggcagt

tattcgttte

ggacaagacg

tattgacgtt

aaactgggaa

taagggtatt

agagcatttce

gagttccaac

agtacgcget

ttgcgagaat

cgtcatgagt

tatgtcgatg

gacggtcggt

tatcatggece

ctegtggace

gagggtcaac

cgcegcagage

getggtegece

tgaccgtggt

cccataccte

tgtcttegee

cagcgtatct

aaatgagggce
cgcagcgaat

cgatgaatgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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-continued
tatgaccacc ccaatgtcac tggtattcte tgggctggtc tgccaggcca ggagtctggt 1740
aactccattg ccgatgtgcet gtacggtcgt gtcaaccctg gecgccaagte tectttcact 1800
tggggcaaga cccgggagtce gtatggttct cccttggtca aggatgccaa caatggcaac 1860
ggagcgceec agtctgattt cacccagggt gttttcateg attaccgeca tttcecgataag 1920
ttcaatgaga cccctatcta cgagtttgge tacggcttga gctacaccac cttcecgagcetce 1980
tcecgacctee atgttcagec cctgaacgcg tcccgataca ctcecccaccag tggcatgact 2040
gaagctgcaa agaactttgg tgaaattggc gatgcgtcgg agtacgtgta tccggagggyg 2100
ctggaaagga tccatgagtt tatctatccce tggatcaact ctaccgacct gaaggcatcg 2160
tctgacgatt ctaactacgg ctgggaagac tccaagtata ttcccgaagg cgccacggat 2220
gggtctgece agecccegttt gcecegctagt ggtggtgceg gaggaaaccce cggtctgtac 2280
gaggatcttt tccgegtcte tgtgaaggtc aagaacacgg gcaatgtcgce cggtgatgaa 2340
gttcctcage tgtacgttte cctaggegge ccgaatgage ccaaggtggt actgcgcaag 2400
tttgagcgta ttcacttgge cceccttegcag gaggccgtgt ggacaacgac ccttaccegt 2460
cgtgaccttg caaactggga cgtttceggct caggactgga ccgtcactcecce ttaccccaag 2520
acgatctacg ttggaaactc ctcacggaaa ctgccgctcecce aggcctcecget gectaaggcece 2580
cagtaa 2586

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 52
H: 861
PRT

<213> ORGANISM: Aspergillus oryz

<400> SEQUENCE: 52

Met Lys Leu
1

Val Ser Ala

Pro Trp Ala

Val Asp Ile
50

Thr Gly Thr

Val Pro Arg

Gly Ile Arg

Val Ala Ala
115

Met Gly Glu
130

Ala Ala Gly
145

Gly Phe Ser

Ile Lys Gly

Ile Met Asn
195

Gly Trp Ile Glu Val

Lys Asp Asp Leu Ala

20

Asp Gly Gln Gly Glu

40

Val Ser Gln Met Thr

55

Gly Trp Gln Leu Glu

70

Leu Asn Ile Pro Ser

85

Phe Ser Asp Tyr Asn

100

Thr Trp Asp Lys Thr

120

Glu Phe Ser Asp Lys

135

Pro Leu Gly Ala His
150

Pro Asp Pro Ala Leu

165

Ile Gln Asp Ala Gly

180

Glu Gln Glu His Phe

200

ae

Ala

Tyr

25

Trp

Leu

Arg

Leu

Ser

105

Leu

Gly

Pro

Thr

Val
185

Arg

Ala

10

Ser

Ala

Thr

Cys

Cys

90

Ala

Ala

Ile

Asp

Gly

170

Ile

Gln

Leu

Pro

Glu

Glu

Val

75

Leu

Phe

Tyr

Asp

Gly

155

Val

Ala

Gln

Ala Ala Ala
Pro Phe Tyr
30

Val Tyr Lys
45

Lys Val Asn
60

Gly Gln Thr

Gln Asp Ser

Pro Ala Gly
110

Leu Arg Gly
125

Val Gln Leu
140

Gly Arg Asn

Leu Phe Ala

Thr Ala Lys
190

Pro Glu Ala
205

Ser Val
15

Pro Ser

Arg Ala

Leu Thr

Gly Ser
80

Pro Leu
95

Val Asn

Gln Ala

Gly Pro
Trp Glu
160

Glu Thr
175

His Tyr

Ala Gly
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150

Tyr

Thr

225

Gly

Gly

Gly

Thr

305

Arg

Pro

Asn

385

Thr

Lys

Ala

Ala

Gln

465

Ala

Leu

Lys

Thr

545

Tyr

Gln

Pro

Gly

Ser

Gly

210

Met

Val

Cys

Phe

Gly

290

Phe

Leu

Ile

Pro

His

370

Gln

Val

Leu

Asn

Trp

450

Ala

Thr

Ser

Ser

Asn

530

Val

Asp

Glu

Gly

Ser
610

Asp

Phe

His

Gly

Glu

Gln

275

Ala

Asp

Asn

Met

Asn

355

Val

Arg

Leu

Val

Gly

435

Gly

Ile

Asp

Val

Val

515

Gly

Val

His

Ser

Ala
595

Pro

Phe

Asn

Glu

Ala

Asn

260

Gly

Ala

Ser

Gly

Ala

340

Phe

Ser

Asp

Leu

Ala

420

Cys

Ser

Gln

Ser

Ser

500

Asp

Asp

Ile

Pro

Gly
580
Lys

Leu

Thr

Val

Leu

Val

245

Ser

Phe

Leu

Gly

Thr

325

Ala

Ser

Glu

His

Lys

405

Leu

Asp

Gly

Asn

Trp

485

Leu

Gly

Asn

Ile

Asn

565

Asn

Ser

Val

Gln

Ser

Tyr

230

Met

Glu

Val

Ala

Thr

310

Ile

Tyr

Ser

Gly

Ala

390

Asn

Leu

Asp

Thr

Glu

470

Ala

Val

Asn

Val

His

550

Val

Ser

Pro

Lys

Gly

Asp

215

Leu

Cys

Thr

Met

Gly

295

Ser

Pro

Tyr

Trp

Ala

375

Asp

Lys

Gly

Arg

Ala

455

Val

Leu

Phe

Glu

Val

535

Ser

Thr

Ile

Phe

Asp
615

Val

Ser

Trp

Ser

Leu

Ser

280

Leu

Phe

Gln

Lys

Thr

360

Tyr

Leu

Gly

Glu

Gly

440

Asn

Leu

Asp

Val

Gly

520

Lys

Val

Gly

Ala

Thr
600

Ala

Phe

Leu

Pro

Tyr

Asn

265

Asp

Asp

Trp

Trp

Val

345

Arg

Glu

Ile

Ala

Asp

425

Cys

Phe

Gln

Lys

Asn

505

Asp

Thr

Gly

Ile

Asp
585
Trp

Asn

Ile

Ser

Phe

Asn

250

Lys

Trp

Met

Gly

Arg

330

Gly

Asp

Arg

Arg

Leu

410

Ala

Asp

Pro

Gly

Ile

490

Ser

Arg

Ala

Pro

Leu

570

Val

Gly

Asn

Asp

Ser

Ala

235

Gln

Leu

Thr

Ser

Ala

315

Val

Arg

Glu

Val

Arg

395

Pro

Gly

Asn

Tyr

Arg

475

Ala

Asp

Asn

Ala

Val

555

Trp

Leu

Lys

Gly

Tyr

Asn

220

Asp

Ile

Leu

Ala

Met

300

Asn

Asp

Asp

Tyr

Asn

380

Ile

Leu

Ser

Gly

Leu

460

Gly

Ala

Ser

Asn

Asn

540

Leu

Ala

Tyr

Thr

Asn
620

Arg

Val Asp Asp

Ala

Asn

Lys

His

285

Pro

Leu

Asp

Thr

Gly

365

Glu

Gly

Ser

Asn

Thr

445

Val

Asn

Ala

Gly

Ile

525

Asn

Ile

Gly

Gly

Arg

605

Gly

His

Val

Asn

Ala

270

His

Gly

Thr

Met

Lys

350

Phe

Phe

Ala

Arg

Ser

430

Leu

Thr

Val

Ala

Glu

510

Thr

Cys

Asp

Leu

Arg
590
Glu

Ala

Phe

Arg

Ser

255

Glu

Ser

Asp

Val

Ala

335

Tyr

Ala

Val

Gln

Lys

415

Trp

Ala

Pro

Phe

Arg

495

Gly

Leu

Asn

Glu

Pro

575

Val

Ser

Pro

Asp

Lys

Ala

240

Tyr

Leu

Gly

Val

Gly

320

Val

Thr

His

Asp

Ser

400

Glu

Gly

Met

Glu

Ala

480

Gln

Tyr

Trp

Asn

Trp

560

Gly

Asn

Tyr

Gln

Lys
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625

Phe Asn Glu

Thr Phe Glu

Tyr Thr Pro

675

Ile Gly Asp
690

His Glu Phe
705

Ser Asp Asp

Gly Ala Thr

Ala Gly Gly

755

Lys Val Lys
770

Tyr Val Ser
785

Phe Glu Arg
Thr Leu Thr
Trp Thr Val

835
Arg Lys Leu

850

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Aspergillus

630

Thr Pro Ile Tyr Glu

645

Leu Ser Asp Leu His

660

Thr Ser Gly Met Thr

680

Ala Ser Glu Tyr Val

695

Ile Tyr Pro Trp Ile
710

Ser Asn Tyr Gly Trp

725

Asp Gly Ser Ala Gln

740

Asn Pro Gly Leu Tyr

760

Asn Thr Gly Asn Val

775

Leu Gly Gly Pro Asn
790

Ile His Leu Ala Pro

805

Arg Arg Asp Leu Ala

820

Thr Pro Tyr Pro Lys

840

Pro Leu Gln Ala Ser

D NO 53
H: 3060
DNA

<400> SEQUENCE: 53

atgagattcg

gtttgtgatg

aggaattgge

gggcagatgc

ttaaccttac

actgaccatc

aggtaagcett

acttggtatc

gctatacceyg

tgacctcaac

cgectacett

gCtggggCCt

cttctcetect

agacgcgggt

gttggctcga

cttteecegte

tttctcteca

ccatcgacge

aacgggtact

tacacagatg

gcaattctge

aactggggtce

cggagtettt

tcegecttec

cgtggcaagg

getgetggte

gatccggtte

gtgattgcta

855

ggtggCCgCt

attgtttegy

ccattctacc

geegtegaga

gggtgggttyg

ggaaatggac

aacaacgtge

tttgtggeca

cagtcettgt

ctgctggtac

ccatgggtga

ctcteggeaa

tcactggtgt

ctgccaageca

Phe

Val

665

Glu

Tyr

Asn

Glu

Pro

745

Glu

Ala

Glu

Ser

Asn

825

Thr

Leu

Gly

650

Gln

Ala

Pro

Ser

Asp

730

Arg

Asp

Gly

Pro

Gln

810

Trp

Ile

Pro

fumigatus

635

Tyr

Pro

Ala

Glu

Thr

715

Ser

Leu

Leu

Asp

Lys

795

Glu

Asp

Tyr

Lys

ctgacggeeyg

atatagttga

cttegecttyg

tegtttetea

cgactttttt

cgatgegteg

aagtgtagtt

ggattccect

attatgtget

taatgtcgee

ggaattcaac

atacccggac

acttttegee

ttacattctg

Gly Leu Ser
Leu Asn Ala
670

Lys Asn Phe
685

Gly Leu Glu
700

Asp Leu Lys

Lys Tyr Ile

Pro Ala Ser

750

Phe Arg Val
765

Glu Val Pro
780

Val Val Leu

Ala Val Trp

Val Ser Ala
830

Val Gly Asn
845

Ala Gln
860

cttetgtage
caatagtcat
ggctgatgge
gatgacactg
gttgacagtg
gtcaaaccgg
gctaaaacgce
ttgggtatcc
gatgattgte
gegacatggg
gacaagggcg
ggcggcagaa
gaaactatca

aatgaacagg

640

Tyr Thr
655

Ser Arg

Gly Glu

Arg Ile

Ala Ser
720

Pro Glu
735

Gly Gly

Ser Val

Gln Leu

Arg Lys

800

Thr Thr
815

Gln Asp

Ser Ser

caatgcccag
ggaaataatc
cagggagagt
geggagaagg
agctttette
cagcgttece
ggtggtgcag
gtttctgtga
tctgtatage
acaagacact
tggacatttt
tctgggaagy
agggtatcca

agcatttceg

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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-continued
acaggttggc gaggcccagg gatatggtta caacatcacg gagacgatca gctccaacgt 900
ggatgacaag accatgcacg agttgtacct ttggtgagta gttgacactg caaatgagga 960

ccttgattga tttgactgac ctggaatgca ggccecctttge agatgctgtg cgcggtaaga 1020
ttttcegtag acttgaccte gcecgacgaaga aatcgctgac gaaccatcgt agectggegtt 1080
ggcgctgtceca tgtgttccta caatcaaatc aacaacagct acggttgtca aaacagtcaa 1140
actctcaaca agctcctcaa ggctgagctg ggcttccaag gettegtcat gagtgactgg 1200
agcgctcecace acagcggtgt cggcgctgce ctegetgggt tggatatgte gatgectgga 1260
gacattteccect tcgacgacgg actctectte tggggcacga acctaactgt cagtgttett 1320
aacggcaccg ttccagcetg gegtgtegat gacatggetg ttcecgtatcat gaccgcegtac 1380
tacaaggttg gtcgtgaccg tcecttegtatt cccecctaact tcagctcecctg gacccgggat 1440
gagtacggct gggagcattc tgctgtctcce gagggagcct ggaccaaggt gaacgacttce 1500
gtcaatgtgc agcgcagtca ctctcagatc atccgtgaga ttggtgccgce tagtacagtg 1560
ctcttgaaga acacgggtgce tecttectttg accggcaagg aggttaaagt gggtgttcte 1620
ggtgaagacg ctggttccaa ccegtggggt gctaacgget gecccgaccg cggctgtgat 1680
aacggcactc ttgctatggc ctggggtagt ggtactgcca acttccctta ccttgtcacce 1740
ccecgagcagg ctatccageg agaggtcatce agcaacggcg gcaatgtctt tgectgtgact 1800
gataacgggg ctctcagcca gatggcagat gttgcatctc aatccaggtg agtgcgggcet 1860
cttagaaaaa gaacgttctc tgaatgaagt tttttaacca ttgcgaacag cgtgtcectttg 1920
gtgtttgtca acgccgactce tggagagggt ttcatcagtg tcgacggcaa cgagggtgac 1980
cgcaaaaatc tcactctgtg gaagaacggc gaggccgtca ttgacactgt tgtcagccac 2040
tgcaacaaca cgattgtggt tattcacagt gttgggcccg tcttgatcga ccggtggtat 2100
gataacccca acgtcactge catcatctgg geccggcecttge ccggtcagga gagtggcaac 2160
tcectggteg acgtgcteta tggccgegte aaccccageg ccaagaccece gttcacctgg 2220
ggcaagactc gggagtctta cggggctccce ttgctcaccg agecctaacaa tggcaatggt 2280
gctececcagg atgatttcaa cgagggegtce ttcattgact accgtcactt tgacaagcgce 2340
aatgagaccc ccatttatga gtttggccat ggcttgaget acaccacctt tggttactct 2400
cacctteggg ttcaggcect caatagttcg agttcggcat atgtcccgac tagcggagag 2460
accaagcctg cgccaaccta tggtgagatc ggtagtgcecg ccgactacct gtatcccgag 2520
ggtctcaaaa gaattaccaa gtttatttac ccttggctca actcgaccga cctcgaggat 2580
tcttctgacg acccgaacta cggctgggag gactcggagt acattcccga aggcgctagg 2640
gatgggtcte ctcaacccct cctgaaggcet ggcggcgcte ctggtggtaa ccectaccectt 2700
tatcaggatc ttgttagggt gtcggccacc ataaccaaca ctggtaacgt cgccggttat 2760
gaagtcccte aattggtgag tgacccgcat gttcecttgeg ttgcaatttg gctaactege 2820
ttctagtatg tttcactggg cggaccgaac gagcctceggg tegttectgeg caagttcecgac 2880
cgaatcttce tggctcecctgg ggagcaaaag gtttggacca cgactcttaa ccgtcegtgat 2940
ctcgccaatt gggatgtgga ggctcaggac tgggtcatca caaagtaccce caagaaagtg 3000

cacgtcggca gctcectegeg taagetgect ctgagagege ctcetgecceg tgtctactag 3060

<210> SEQ ID NO 54

<211> LENGTH: 863
<212> TYPE: PRT
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<213> ORGANISM:

<400> SEQUENCE:

Met Arg Phe Gly

1

Ala

Trp

Glu

Gly

65

Pro

Gly

Met

Ala

145

Gly

Ile

Ile

Tyr

Thr

225

Gly

Gly

Gly

Ser
305

Arg

Pro

Ser

385

Asn

Ala

Ile

Thr

Arg

Ile

Ala

Gly

130

Ala

Phe

Lys

Leu

Gly

210

Met

Val

Cys

Phe

Gly

290

Phe

Leu

Ile

Pro

Ala

370

Gln

Ala

Asp

35

Val

Gly

Leu

Arg

Ala

115

Glu

Gly

Ser

Gly

Asn

195

Tyr

His

Gly

Gln

Gln

275

Ala

Asp

Asn

Met

Asn
355

Val

Arg

Gln

20

Gly

Ser

Trp

Gly

Phe

100

Thr

Glu

Pro

Pro

Ile

180

Glu

Asn

Glu

Ala

Asn

260

Gly

Ala

Asp

Gly

Thr
340
Phe

Ser

Ser

Aspergillus

54

Trp

Glu

Gln

Gln

Glu

Ile

85

Ser

Trp

Phe

Leu

Asp

165

Gln

Gln

Ile

Leu

Val

245

Ser

Phe

Leu

Gly

Thr

325

Ala

Ser

Glu

His

Leu

Leu

Gly

Met

Met

70

Asn

Asp

Asp

Asn

Gly

150

Pro

Asp

Glu

Thr

Tyr

230

Met

Gln

Val

Ala

Leu

310

Val

Tyr

Ser

Gly

Ser
390

Glu

Ala

Glu

Thr

55

Asp

Trp

Leu

Lys

Asp

135

Lys

Val

Ala

His

Glu

215

Leu

Cys

Thr

Met

Gly

295

Ser

Pro

Tyr

Trp

Ala

375

Gln

fumigatus

Val

Phe

Trp

40

Leu

Arg

Gly

Asn

Thr

120

Lys

Tyr

Leu

Gly

Phe

200

Thr

Trp

Ser

Leu

Ser

280

Leu

Phe

Ala

Lys

Thr

360

Trp

Ile

Ala

Ser

25

Ala

Ala

Cys

Leu

Ser

105

Leu

Gly

Pro

Thr

Val

185

Arg

Ile

Pro

Tyr

Asn

265

Asp

Asp

Trp

Trp

Val
345
Arg

Thr

Ile

Ala

10

Pro

Asp

Glu

Val

Cys

90

Ala

Ala

Val

Asp

Gly

170

Ile

Gln

Ser

Phe

Asn

250

Lys

Trp

Met

Gly

Arg

330

Gly

Asp

Lys

Arg

Leu

Pro

Ala

Lys

Gly

75

Gly

Phe

Tyr

Asp

Gly

155

Val

Ala

Val

Ser

Ala

235

Gln

Leu

Ser

Ser

Thr

315

Val

Arg

Glu

Val

Glu
395

Thr

Phe

His

Val

60

Gln

Gln

Pro

Leu

Ile

140

Gly

Leu

Thr

Gly

Asn

220

Asp

Ile

Leu

Ala

Met

300

Asn

Asp

Asp

Tyr

Asn
380

Ile

Ala

Tyr

Arg

45

Asn

Thr

Asp

Ala

Arg

125

Leu

Arg

Phe

Ala

Glu

205

Val

Ala

Asn

Lys

His

285

Pro

Leu

Asp

Arg

Gly

365

Asp

Gly

Ala

Pro

30

Arg

Leu

Gly

Ser

Gly

110

Gly

Leu

Ile

Ala

Lys

190

Ala

Asp

Val

Asn

Ala

270

His

Gly

Thr

Met

Leu
350
Trp

Phe

Ala

Ser

15

Ser

Ala

Thr

Ser

Pro

95

Thr

Lys

Gly

Trp

Glu

175

His

Gln

Asp

Arg

Ser

255

Glu

Ser

Asp

Val

Ala

335

Arg

Glu

Val

Ala

Val

Pro

Val

Thr

Val

80

Leu

Asn

Ala

Pro

Glu

160

Thr

Tyr

Gly

Lys

Ala

240

Tyr

Leu

Gly

Ile

Ser

320

Val

Ile

His

Asn

Ser
400
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Thr

Ala

Ala

Gln

465

Ser

Ile

Lys

Thr

545

Tyr

Gln

Pro

Gly

Asp

625

Arg

Thr

Ser

Gly

Arg

705

Asp

Pro

Gly

Ser

Gln
785

Arg

Thr

Val

Lys

Asn

Trp

450

Ala

Thr

Ser

Ser

Asn

530

Ile

Asp

Glu

Ser

Ala

610

Asp

Asn

Phe

Ala

Glu

690

Ile

Ser

Glu

Ala

Ala

770

Leu

Lys

Thr

Leu

Val

Gly

435

Gly

Ile

Asp

Val

Val

515

Gly

Val

Asn

Ser

Ala

595

Pro

Phe

Glu

Gly

Tyr

675

Ile

Thr

Ser

Gly

Pro

755

Thr

Tyr

Phe

Thr

Leu

Gly

420

Cys

Ser

Gln

Asn

Ser

500

Asp

Glu

Val

Pro

Gly

580

Lys

Leu

Asn

Thr

Tyr

660

Val

Gly

Lys

Asp

Ala

740

Gly

Ile

Val

Asp

Leu

Lys

405

Val

Pro

Gly

Arg

Gly

485

Leu

Gly

Ala

Ile

Asn

565

Asn

Thr

Leu

Glu

Pro

645

Ser

Pro

Ser

Phe

Asp

725

Arg

Gly

Thr

Ser

Arg
805

Asn

Asn

Leu

Asp

Thr

Glu

470

Ala

Val

Asn

Val

His

550

Val

Ser

Pro

Thr

Gly

630

Ile

His

Thr

Ala

Ile

710

Pro

Asp

Asn

Asn

Leu
790

Ile

Arg

Thr

Gly

Arg

Ala

455

Val

Leu

Phe

Glu

Ile

535

Ser

Thr

Leu

Phe

Glu

615

Val

Tyr

Leu

Ser

Ala

695

Tyr

Asn

Gly

Pro

Thr
775
Gly

Phe

Arg

Gly

Glu

Gly

440

Asn

Ile

Ser

Val

Gly

520

Asp

Val

Ala

Val

Thr

600

Pro

Phe

Glu

Arg

Gly

680

Asp

Pro

Tyr

Ser

Thr

760

Gly

Gly

Leu

Asp

Ala

Asp

425

Cys

Phe

Ser

Gln

Asn

505

Asp

Thr

Gly

Ile

Asp

585

Trp

Asn

Ile

Phe

Val

665

Glu

Tyr

Trp

Gly

Pro

745

Leu

Asn

Pro

Ala

Leu

Leu

410

Ala

Asp

Pro

Asn

Met

490

Ala

Arg

Val

Pro

Ile

570

Val

Gly

Asn

Asp

Gly

650

Gln

Thr

Leu

Leu

Trp

730

Gln

Tyr

Val

Asn

Pro
810

Ala

Pro

Gly

Asn

Tyr

Gly

475

Ala

Asp

Lys

Val

Val

555

Trp

Leu

Lys

Gly

Tyr

635

His

Ala

Lys

Tyr

Asn

715

Glu

Pro

Gln

Ala

Glu
795

Gly

Asn

Leu

Ser

Gly

Leu

460

Gly

Asp

Ser

Asn

Ser

540

Leu

Ala

Tyr

Thr

Asn

620

Arg

Gly

Leu

Pro

Pro

700

Ser

Asp

Leu

Asp

Gly

780

Pro

Glu

Trp

Thr

Asn

Thr

445

Val

Asn

Val

Gly

Leu

525

His

Ile

Gly

Gly

Arg

605

Gly

His

Leu

Asn

Ala

685

Glu

Thr

Ser

Leu

Leu

765

Tyr

Arg

Gln

Asp

Gly

Pro

430

Leu

Thr

Val

Ala

Glu

510

Thr

Cys

Asp

Leu

Arg

590

Glu

Ala

Phe

Ser

Ser

670

Pro

Gly

Asp

Glu

Lys

750

Val

Glu

Val

Lys

Val

Lys

415

Trp

Ala

Pro

Phe

Ser

495

Gly

Leu

Asn

Arg

Pro

575

Val

Ser

Pro

Asp

Tyr

655

Ser

Thr

Leu

Leu

Tyr

735

Ala

Arg

Val

Val

Val
815

Glu

Glu

Gly

Met

Glu

Ala

480

Gln

Phe

Trp

Asn

Trp

560

Gly

Asn

Tyr

Gln

Lys

640

Thr

Ser

Tyr

Lys

Glu

720

Ile

Gly

Val

Pro

Leu
800

Trp

Ala
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820 825 830

Gln Asp Trp Val Ile Thr Lys Tyr Pro Lys Lys Val His Val Gly Ser
835 840 845

Ser Ser Arg Lys Leu Pro Leu Arg Ala Pro Leu Pro Arg Val Tyr
850 855 860

<210> SEQ ID NO 55

<211> LENGTH: 2800

<212> TYPE: DNA

<213> ORGANISM: Penicillium brasilianum

<400> SEQUENCE: 55

tgaaaatgca gggttctaca atctttetgg ctttegecte atgggegage caggttgetg 60
ccattgegeca geccatacag aagcacgagg tttgttttat cttgctcatg gacgtgettt 120
gacttgacta attgttttac atacagcccg gatttctgeca cgggccccaa gccatagaat 180
cgttctcaga accgttcetac cegtegecct ggatgaatee tcacgecgag ggctgggagg 240
ccgcatatca gaaagctcaa gattttgtet cgecaactcac tatcttggag aaaataaatce 300
tgaccaccgg tgttgggtaa gtctectecga ctgettetgg gtcacggtge gacgagcecac 360
tgactttttyg aagctgggaa aatgggcegt gtgtaggaaa cactggatca attcctegte 420
tcggattcaa aggattttgt acccaggatt caccacaggg tgtteggtte gcagattatt 480
ccteegettt cacatctage caaatggecg ccgcaacatt tgaccgcetca attctttate 540
aacgaggcca agccatggca caggaacaca aggctaaggg tatcacaatt caattgggec 600
ctgttgecegyg cecteteggt cgcatcceeg agggeggeeg caactgggaa ggattctcece 660
ctgatcctgt cttgactggt atagecatgg ctgagacaat taagggcatg caggatactg 720
gagtgattgce ttgcgctaaa cattatattyg gaaacgagca ggagcacttce cgtcaagtgg 780
gtgaagctge gggtcacgga tacactattt ccgatactat ttcatctaat attgacgacc 840
gtgctatgca tgagctatac ttgtggccat ttgctgatge cgttegeget ggtgtgggtt 900
ctttcatgtg ctcatactct cagatcaaca actcctacgg atgccaaaac agtcagaccce 960

tcaacaagct cctcaagagc gaattgggct tccaaggcett tgtcatgage gattggggtg 1020
cccatcactce tggagtgtca tceggcgctag ctggacttga tatgagcatg ccgggtgata 1080
ccgaatttga ttctggcttg agettetggg gctctaacct caccattgca attctgaacg 1140
gcacggttee cgaatggcge ctggatgaca tggcgatgceg aattatggcet gcatacttca 1200
aagttggcct tactattgag gatcaaccag atgtcaactt caatgcctgg acccatgaca 1260
cctacggata taaatacgct tatagcaagg aagattacga gcaggtcaac tggcatgtcg 1320
atgttcgcag cgaccacaat aagctcattc gcgagactgce cgcgaagggt acagttctgce 1380
tgaagaacaa ctttcatgct ctccctectga agcagcccag gttcegtggece gtegttggte 1440
aggatgccegg gccaaaccce aagggccecta acggetgege agaccgagga tgcgaccaag 1500
gcactctege aatgggatgg ggctcagggt ctaccgaatt ceccttacctg gtcactectg 1560
acactgctat tcagtcaaag gtcctcgaat acgggggtcg atacgagagt atttttgata 1620
actatgacga caatgctatc ttgtcgecttg tctcacagec tgatgcaacce tgtatcgttt 1680
ttgcaaatgc cgattccggt gaaggctaca tcactgtcga caacaactgg ggtgaccgca 1740
acaatctgac cctctggcaa aatgccgatc aagtgattag cactgtcage tcgcgatgca 1800
acaacacaat cgttgttctc cactctgtcg gaccagtgtt gctaaatggt atatatgagce 1860

acccgaacat cacagctatt gtcectgggcag ggatgccagg cgaagaatct ggcaatgcetce 1920
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tcgtggatat tcectttgggge aatgttaacce ctgccggteg cactccgtte acctgggeca 1980
aaagtcgaga ggactatggc actgatataa tgtacgagec caacaacggce cagcgtgcege 2040
ctcagcagga tttcaccgag agcatctacc tcgactaccg ccatttcgac aaagctggta 2100
tcgagccaat ttacgagttt ggattcggce tctectatac caccttcgaa tactctgacce 2160
tcegtgttgt gaagaagtat gttcaaccat acagtcccac gaccggcacce ggtgctcaag 2220
caccttecat cggacagcca cctagccaga acctggatac ctacaagttce cctgctacat 2280
acaagtacat caaaaccttc atttatccct acctgaacag cactgtctcece ctececgegetg 2340
cttccaagga tcccgaatac ggtcgtacag actttatccce accccacgeg cgtgatgget 2400
ccectcaacce tetcaaccee getggagacce cagtggcecag tggtggaaac aacatgctcet 2460
acgacgaact ttacgaggtc actgcacaga tcaaaaacac tggcgacgtyg gccggcgacg 2520
aagtcgtcca getttacgta gatctcecgggg gtgacaaccce gectcgtcag ttgagaaact 2580
ttgacaggtt ttatctgctg cccggtcaga gctcaacatt ccgggctaca ttgacgcgcece 2640
gtgatttgag caactgggat attgaggcgc agaactggcg agttacggaa tcgcctaaga 2700
gagtgtatgt tggacggtcg agtcgggatt tgccgctgag ctcacaattg gagtaatgat 2760
catgtctacc aatagatgtt gaatgtctgg tgtggatatt 2800

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 56
H: 878
PRT

ISM: Penicillium

<400> SEQUENCE: 56

Met Gln Gly
1

Val Ala Ala

His Gly Pro
35

Pro Trp Met

Ala Gln Asp
65

Thr Thr Gly

Ser Ile Pro

Gln Gly Val
115

Met Ala Ala
130

Ala Met Ala
145

Pro Val Ala

Glu Gly Phe

Thr Ile Lys

195

Tyr Ile Gly

Ser Thr Ile Phe Leu

Ile Ala Gln Pro Ile

20

Gln Ala Ile Glu Ser

40

Asn Pro His Ala Glu

55

Phe Val Ser Gln Leu

70

Val Gly Trp Glu Asn

85

Arg Leu Gly Phe Lys

100

Arg Phe Ala Asp Tyr

120

Ala Thr Phe Asp Arg

135

Gln Glu His Lys Ala
150

Gly Pro Leu Gly Arg

165

Ser Pro Asp Pro Val

180

Gly Met Gln Asp Thr

200

Asn Glu Gln Glu His

Ala

Gln

25

Phe

Gly

Thr

Gly

Gly

105

Ser

Ser

Lys

Ile

Leu
185

Gly

Phe

brasilianum

Phe

10

Lys

Ser

Trp

Ile

Pro

90

Phe

Ser

Ile

Gly

Pro
170
Thr

Val

Arg

Ala

His

Glu

Glu

Leu

75

Cys

Cys

Ala

Leu

Ile

155

Glu

Gly

Ile

Gln

Ser Trp Ala
Glu Pro Gly
30

Pro Phe Tyr
45

Ala Ala Tyr
60

Glu Lys Ile

Val Gly Asn

Thr Gln Asp
110

Phe Thr Ser
125

Tyr Gln Arg
140

Thr Ile Gln

Gly Gly Arg

Ile Ala Met

190

Ala Cys Ala
205

Val Gly Glu

Ser Gln
15

Phe Leu

Pro Ser

Gln Lys

Asn Leu

80

Thr Gly
95

Ser Pro

Ser Gln

Gly Gln

Leu Gly
160

Asn Trp
175
Ala Glu

Lys His

Ala Ala
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Gly

225

Arg

Ala

Tyr

Leu

Gly

305

Thr

Ala

Met

Gln

Lys

385

Asp

Gly

Pro

Gly

Met

465

Asp

Ser

Gln

Gly

Leu

545

Asn

Gly

Pro

Asp
625

210

His

Ala

Gly

Gly

Gly

290

Val

Glu

Ile

Arg

Pro

370

Tyr

Val

Thr

Arg

Pro

450

Gly

Thr

Ile

Pro

Tyr

530

Trp

Asn

Ile

Gly

Asn
610

Tyr

Gly

Met

Val

Cys

275

Phe

Ser

Phe

Leu

Ile

355

Asp

Ala

Arg

Val

Phe

435

Asn

Trp

Ala

Phe

Asp

515

Ile

Gln

Thr

Tyr

Glu
595

Pro

Gly

Tyr

His

Gly

260

Gln

Gln

Ser

Asp

Asn

340

Met

Val

Tyr

Ser

Leu

420

Val

Gly

Gly

Ile

Asp

500

Ala

Thr

Asn

Ile

Glu
580
Glu

Ala

Thr

Thr

Glu

245

Ser

Asn

Gly

Ala

Ser

325

Gly

Ala

Asn

Ser

Asp

405

Leu

Ala

Cys

Ser

Gln

485

Asn

Thr

Val

Ala

Val

565

His

Ser

Gly

Asp

Ile

230

Leu

Phe

Ser

Phe

Leu

310

Gly

Thr

Ala

Phe

Lys

390

His

Lys

Val

Ala

Gly

470

Ser

Tyr

Cys

Asp

Asp

550

Val

Pro

Gly

Arg

Ile
630

215

Ser

Tyr

Met

Gln

Val

295

Ala

Leu

Val

Tyr

Asn

375

Glu

Asn

Asn

Val

Asp

455

Ser

Lys

Asp

Ile

Asn

535

Gln

Leu

Asn

Asn

Thr
615

Met

Asp

Leu

Cys

Thr

280

Met

Gly

Ser

Pro

Phe

360

Ala

Asp

Lys

Asn

Gly

440

Arg

Thr

Val

Asp

Val

520

Asn

Val

His

Ile

Ala
600

Pro

Tyr

Thr

Trp

Ser

265

Leu

Ser

Leu

Phe

Glu

345

Lys

Trp

Tyr

Leu

Phe

425

Gln

Gly

Glu

Leu

Asn

505

Phe

Trp

Ile

Ser

Thr
585
Leu

Phe

Glu

Ile

Pro

250

Tyr

Asn

Asp

Asp

Trp

330

Trp

Val

Thr

Glu

Ile

410

His

Asp

Cys

Phe

Glu

490

Ala

Ala

Gly

Ser

Val

570

Ala

Val

Thr

Pro

Ser

235

Phe

Ser

Lys

Trp

Met

315

Gly

Arg

Gly

His

Gln

395

Arg

Ala

Ala

Asp

Pro

475

Tyr

Ile

Asn

Asp

Thr

555

Gly

Ile

Asp

Trp

Asn
635

220

Ser

Ala

Gln

Leu

Gly

300

Ser

Ser

Leu

Leu

Asp

380

Val

Glu

Leu

Gly

Gln

460

Tyr

Gly

Leu

Ala

Arg

540

Val

Pro

Val

Ile

Ala
620

Asn

Asn

Asp

Ile

Leu

285

Ala

Met

Asn

Asp

Thr

365

Thr

Asn

Thr

Pro

Pro

445

Gly

Leu

Gly

Ser

Asp

525

Asn

Ser

Val

Trp

Leu
605

Lys

Gly

Ile

Ala

Asn

270

Lys

His

Pro

Leu

Asp

350

Ile

Tyr

Trp

Ala

Leu

430

Asn

Thr

Val

Arg

Leu

510

Ser

Asn

Ser

Leu

Ala

590

Trp

Ser

Gln

Asp

Val

255

Asn

Ser

His

Gly

Thr

335

Met

Glu

Gly

His

Ala

415

Lys

Pro

Leu

Thr

Tyr

495

Val

Gly

Leu

Arg

Leu

575

Gly

Gly

Arg

Arg

Asp

240

Arg

Ser

Glu

Ser

Asp

320

Ile

Ala

Asp

Tyr

Val

400

Lys

Gln

Lys

Ala

Pro

480

Glu

Ser

Glu

Thr

Cys

560

Asn

Met

Asn

Glu

Ala
640
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Pro Gln Gln

Asp Lys Ala

Tyr Thr Thr

675

Gln Pro Tyr
690

Gly Gln Pro
705

Tyr Lys Tyr

Ser Leu Arg

Ile Pro Pro

755

Gly Asp Pro
770

Tyr Glu Val
785

Glu Val Val

Gln Leu Arg

Thr Phe Arg

835

Glu Ala Gln
850

Gly Arg Ser
865

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Phe Thr Glu Ser

645

Gly Ile Glu Pro Ile

660

Phe Glu Tyr Ser Asp

680

Ser Pro Thr Thr Gly

695

Pro Ser Gln Asn Leu
710

Ile Lys Thr Phe Ile

725

Ala Ala Ser Lys Asp

740

His Ala Arg Asp Gly

760

Val Ala Ser Gly Gly

775

Thr Ala Gln Ile Lys
790

Gln Leu Tyr Val Asp

805

Asn Phe Asp Arg Phe

820

Ala Thr Leu Thr Arg

840

Asn Trp Arg Val Thr

855

Ser Arg Asp Leu Pro
870

D NO 57
H: 2583
DNA

<213> ORGANISM: Aspergillus nige

<400> SEQUENCE: 57

atgaggttca

gaattggect

gegcaggeat

aatctgacca

cceegattygyg

gactacaact

gcatacctte

ttgggtccag

ttctecccag

gatgctggtg

caggcgectyg

gatgataaga

gCtggCgCtg

ctttgatcga

actccccacce

accagcgege

caggaactgg

gagttccggg

ctgetttece

dcggcaagge

ctgeeggece

accctgecect

tggttgecgac

aagcccaagg

ctatgcacga

tgatgtgete

ggeggtgget

gtattaccca

tgttgatatt

atgggaattg

aatgtgttta

tgcecggeatyg

tatgggtcag

tcteggtaga

aagtggtgtg

ggctaagcac

ttttggattt

getgtaccte

ctacaaccag

Ile

Tyr

665

Leu

Thr

Asp

Tyr

Pro

745

Ser

Asn

Asn

Leu

Tyr

825

Arg

Glu

Leu

T

Tyr

650

Glu

Arg

Gly

Thr

Pro

730

Glu

Pro

Asn

Thr

Gly

810

Leu

Asp

Ser

Ser

Leu

Phe

Val

Ala

Tyr

715

Tyr

Tyr

Gln

Met

Gly

795

Gly

Leu

Leu

Pro

Ser
875

ctgactgeeg

tccecttggy

gtctegcaaa

gaactatgtyg

caggatagecc

aacgtggcetyg

gaatttagtyg

agtcccgacyg

ctectttgeeyg

tacattgett

aatatttceg

tggcecetteg

atcaacaaca

Asp Tyr Arg
Gly Phe Gly
670

Val Lys Lys
685

Gln Ala Pro
700

Lys Phe Pro

Leu Asn Ser

Gly Arg Thr

750

Pro Leu Asn
765

Leu Tyr Asp
780

Asp Val Ala

Asp Asn Pro

Pro Gly Gln
830

Ser Asn Trp
845

Lys Arg Val
860

Gln Leu Glu

tctegetgge
ccaatggeca
tgacattgga
ttggtcagac
ctctgggegt
caacctggga
acaagggtgce
gtggtcegtaa
agaccatcaa
acgagcaaga
agagtggaag
cggatgecat

gttatggetg

His Phe
655

Leu Ser

Tyr Val

Ser Ile

Ala Thr
720

Thr Val
735

Asp Phe

Pro Ala

Glu Leu

Gly Asp

800

Pro Arg
815

Ser Ser

Asp Ile

Tyr Val

cagcgetgat
gggcgactgg
tgagaaggtc
tggcggtgtt
tcgegactee
caagaatctyg
cgatatccaa
ctgggaggge
gggtatccaa
gecatttcegt
tgcgaaccte
cegtgecaggt

ccagaacage

60

120

180

240

300

360

420

480

540

600

660

720

780
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tacactctga acaagctgct caaggccgag ctgggcttee agggetttgt catgagtgat 840
tgggctgete accatgcetgg tgtgagtggt getttggcag gattggatat gtctatgceca 900
ggagacgtcg actacgacag tggtacgtct tactggggta caaacttgac cattagegtg 960

ctcaacggaa cggtgcccca atggcegtgtt gatgacatgg ctgtccgcat catggccgcece 1020
tactacaagg tcggccgtga ccgtcectgtgg actectecca acttcagcte atggaccaga 1080
gatgaatacg gctacaagta ctactacgtg tcggagggac cgtacgagaa ggtcaaccag 1140
tacgtgaatg tgcaacgcaa ccacagcgaa ctgattcgece gcattggage ggacagcacyg 1200
gtgctcctceca agaacgacgg cgctctgect ttgactggta aggagcgect ggtegegett 1260
atcggagaag atgcgggctce caacccttat ggtgccaacg gectgcagtga ccgtggatgce 1320
gacaatggaa cattggcgat gggctgggga agtggtactg ccaacttccc atacctggtg 1380
acccceccgagce aggccatcte aaacgaggtg cttaagcaca agaatggtgt attcaccgece 1440
accgataact gggctatcga tcagattgag gcgcttgcta agaccgccag tgtctcectett 1500
gtctttgtca acgccgacte tggtgagggt tacatcaatg tggacggaaa cctgggtgac 1560
cgcaggaacc tgaccctgtg gaggaacggce gataatgtga tcaaggctgce tgctagcaac 1620
tgcaacaaca caatcgttgt cattcactct gtcggaccag tcttggttaa cgagtggtac 1680
gacaacccca atgttaccge tatcctetgg ggtggtttge ccggtcagga gtcetggcaac 1740
tctettgeeg acgtecteta tggccegtgte aaccccggtg ccaagtcgece ctttacctgg 1800
ggcaagactce gtgaggccta ccaagactac ttggtcaccg agcccaacaa cggcaacgga 1860
gccectcagyg aagactttgt cgagggegtce ttcattgact accgtggatt tgacaagcgce 1920
aacgagaccce cgatctacga gttcggctat ggtctgaget acaccacttt caactactcg 1980
aaccttgagg tgcaggtgct gagcgcccct gcatacgagce ctgcttcggg tgagaccgag 2040
gcagcgccaa ccttcecggaga ggttggaaat gecgtcggatt acctctaccce cagecggattg 2100
cagagaatta ccaagttcat ctacccctgg ctcaacggta ccgatctcga ggcatcttcece 2160
ggggatgcta gctacgggca ggactcctcecce gactatctte ccgagggagce caccgatgge 2220
tctgcgcaac cgatcctgece tgeccggtgge ggtectggeg gcaacccteg cctgtacgac 2280
gagctcatce gegtgtcagt gaccatcaag aacaccggca aggttgctgg tgatgaagtt 2340
cceccaactgt atgtttcect tggcggtcce aatgagcecca agatcgtget gegtcaattce 2400
gagcgcatca cgctgcagee gtcggaggag acgaagtgga gcacgactcet gacgegeegt 2460
gaccttgcaa actggaatgt tgagaagcag gactgggaga ttacgtcgta tcccaagatg 2520
gtgtttgteg gaagctceccte gcggaagetg cecgctecggg cgtcectcetgece tactgttceac 2580
taa 2583
<210> SEQ ID NO 58

<211> LENGTH: 860

<212> TYPE: PRT

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE: 58

Met Arg Phe Thr Leu Ile Glu Ala Val Ala Leu Thr Ala Val Ser Leu
1 5 10 15

Ala Ser Ala Asp Glu Leu Ala Tyr Ser Pro Pro Tyr Tyr Pro Ser Pro
20 25 30

Trp Ala Asn Gly Gln Gly Asp Trp Ala Gln Ala Tyr Gln Arg Ala Val
35 40 45
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170

Asp
Gly
65

Pro

Ala

Gly

Ala

145

Phe

Lys

Ala

Gly

Met

225

Ala

Cys

Phe

Ser

Tyr

305

Leu

Ile

Pro

Tyr

Gln

385

Leu

Asn

Trp

Ile

Thr

Arg

Arg

Ala

Gln

130

Gly

Ser

Gly

Tyr

Phe

210

His

Gly

Gln

Gln

Gly

290

Asp

Asn

Met

Asn

Val

370

Arg

Leu

Val

Gly

Gly
450

Val

Gly

Leu

Asp

Thr

115

Glu

Pro

Pro

Ile

Glu

195

Asn

Glu

Ala

Asn

Gly

275

Ala

Ser

Gly

Ala

Phe

355

Ser

Asn

Leu

Ala

Cys

435

Ser

Ser

Trp

Gly

Ser

100

Trp

Phe

Leu

Asp

Gln

180

Gln

Ile

Leu

Val

Ser

260

Phe

Leu

Gly

Thr

Ala

340

Ser

Glu

His

Lys

Leu
420

Ser

Gly

Gln

Glu

Val

85

Asp

Asp

Ser

Gly

Pro

165

Asp

Glu

Ser

Tyr

Met

245

Tyr

Val

Ala

Thr

Val

325

Tyr

Ser

Gly

Ser

Asn
405
Ile

Asp

Thr

Met

Leu

70

Pro

Tyr

Lys

Asp

Arg

150

Ala

Ala

His

Glu

Leu

230

Cys

Thr

Met

Gly

Ser

310

Pro

Tyr

Trp

Pro

Glu

390

Asp

Gly

Arg

Ala

Thr

55

Glu

Gly

Asn

Asn

Lys

135

Ser

Leu

Gly

Phe

Ser

215

Trp

Ser

Leu

Ser

Leu

295

Tyr

Gln

Lys

Thr

Tyr

375

Leu

Gly

Glu

Gly

Asn
455

Leu

Leu

Met

Ser

Leu

120

Gly

Pro

Ser

Val

Arg

200

Gly

Pro

Tyr

Asn

Asp

280

Asp

Trp

Trp

Val

Arg

360

Glu

Ile

Ala

Asp

Cys

440

Phe

Asp

Cys

Cys

Ala

105

Ala

Ala

Asp

Gly

Val

185

Gln

Ser

Phe

Asn

Lys

265

Trp

Met

Gly

Arg

Gly

345

Asp

Lys

Arg

Leu

Ala
425

Asp

Pro

Glu

Val

Leu

90

Phe

Tyr

Asp

Gly

Val

170

Ala

Ala

Ala

Ala

Gln

250

Leu

Ala

Ser

Thr

Val

330

Arg

Glu

Val

Arg

Pro
410
Gly

Asn

Tyr

Lys

Gly

75

Gln

Pro

Leu

Ile

Gly

155

Leu

Thr

Pro

Asn

Asp

235

Ile

Leu

Ala

Met

Asn

315

Asp

Asp

Tyr

Asn

Ile

395

Leu

Ser

Gly

Leu

Val

60

Gln

Asp

Ala

Arg

Gln

140

Arg

Phe

Ala

Glu

Leu

220

Ala

Asn

Lys

His

Pro

300

Leu

Asp

Arg

Gly

Gln

380

Gly

Thr

Asn

Thr

Val
460

Asn

Thr

Ser

Gly

Gly

125

Leu

Asn

Ala

Lys

Ala

205

Asp

Ile

Asn

Ala

His

285

Gly

Thr

Met

Leu

Tyr

365

Tyr

Ala

Gly

Pro

Leu
445

Thr

Leu

Gly

Pro

Met

110

Lys

Gly

Trp

Glu

His

190

Gln

Asp

Arg

Ser

Glu

270

Ala

Asp

Ile

Ala

Trp

350

Lys

Val

Asp

Lys

Tyr

430

Ala

Pro

Thr

Gly

Leu

95

Asn

Ala

Pro

Glu

Thr

175

Tyr

Gly

Lys

Ala

Tyr

255

Leu

Gly

Val

Ser

Val

335

Thr

Tyr

Asn

Ser

Glu
415
Gly

Met

Glu

Thr

Val

80

Gly

Val

Met

Ala

Gly

160

Ile

Ile

Phe

Thr

Gly

240

Gly

Gly

Val

Asp

Val

320

Arg

Pro

Tyr

Val

Thr

400

Arg

Ala

Gly

Gln
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172

Ala

465

Thr

Ser

Asn

Asn

Ile

545

Asp

Glu

Gly

Asp

Asp

625

Asn

Phe

Glu

Gly

Lys

705

Gly

Ala

Gly

Ile

785

Glu

Leu

Glu

Lys

Ile

Asp

Val

Val

Gly

530

Val

Asn

Ser

Ala

Tyr

610

Phe

Glu

Asn

Pro

Asn

690

Phe

Asp

Thr

Gly

Lys

770

Ser

Arg

Thr

Ile

Leu
850

Ser

Asn

Ser

Asp

515

Asp

Val

Pro

Gly

Lys

595

Leu

Val

Thr

Tyr

Ala

675

Ala

Ile

Ala

Asp

Asn

755

Asn

Leu

Ile

Arg

Thr
835

Pro

Asn

Trp

Leu

500

Gly

Asn

Ile

Asn

Asn

580

Ser

Val

Glu

Pro

Ser

660

Ser

Ser

Tyr

Ser

Gly

740

Pro

Thr

Gly

Thr

Arg

820

Ser

Leu

Glu

Ala

485

Val

Asn

Val

His

Val

565

Ser

Pro

Thr

Gly

Ile

645

Asn

Gly

Asp

Pro

Tyr

725

Ser

Arg

Gly

Gly

Leu
805
Asp

Tyr

Arg

<210> SEQ ID NO 59

<211> LENGTH:

<212> TYPE: DNA

2583

Val

470

Ile

Phe

Leu

Ile

Ser

550

Thr

Leu

Phe

Glu

Val

630

Tyr

Leu

Glu

Tyr

Trp

710

Gly

Ala

Leu

Lys

Pro

790

Gln

Leu

Pro

Ala

Leu

Asp

Val

Gly

Lys

535

Val

Ala

Ala

Thr

Pro

615

Phe

Glu

Glu

Thr

Leu

695

Leu

Gln

Gln

Tyr

Val

775

Asn

Pro

Ala

Lys

Ser
855

Lys

Gln

Asn

Asp

520

Ala

Gly

Ile

Asp

Trp

600

Asn

Ile

Phe

Val

Glu

680

Tyr

Asn

Asp

Pro

Asp

760

Ala

Glu

Ser

Asn

Met
840

Leu

His

Ile

Ala

505

Arg

Ala

Pro

Leu

Val

585

Gly

Asn

Asp

Gly

Gln

665

Ala

Pro

Gly

Ser

Ile

745

Glu

Gly

Pro

Glu

Trp
825

Val

Pro

Lys

Glu

490

Asp

Arg

Ala

Val

Trp

570

Leu

Lys

Gly

Tyr

Tyr

650

Val

Ala

Ser

Thr

Ser

730

Leu

Leu

Asp

Lys

Glu

810

Asn

Phe

Thr

Asn

475

Ala

Ser

Asn

Ser

Leu

555

Gly

Tyr

Thr

Asn

Arg

635

Gly

Leu

Pro

Gly

Asp

715

Asp

Pro

Ile

Glu

Ile

795

Thr

Val

Val

Val

Gly Val Phe

Leu

Gly

Leu

Asn

540

Val

Gly

Gly

Arg

Gly

620

Gly

Leu

Ser

Thr

Leu

700

Leu

Tyr

Ala

Arg

Val

780

Lys

Glu

Gly

His
860

Ala

Glu

Thr

525

Cys

Asn

Leu

Arg

Glu

605

Ala

Phe

Ser

Ala

Phe

685

Gln

Glu

Leu

Gly

Val

765

Pro

Leu

Trp

Lys

Ser
845

Lys

Gly

510

Leu

Asn

Glu

Pro

Val

590

Ala

Pro

Asp

Tyr

Pro

670

Gly

Arg

Ala

Pro

Gly

750

Ser

Gln

Arg

Ser

Gln
830

Ser

Thr

Thr

495

Tyr

Trp

Asn

Trp

Gly

575

Asn

Tyr

Gln

Lys

Thr

655

Ala

Glu

Ile

Ser

Glu

735

Gly

Val

Leu

Gln

Thr
815

Asp

Ser

Ala

480

Ala

Ile

Arg

Thr

Tyr

560

Gln

Pro

Gln

Glu

Arg

640

Thr

Tyr

Val

Thr

Ser

720

Gly

Pro

Thr

Tyr

Phe

800

Thr

Trp

Arg
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-continued

<213> ORGANISM: Aspergillus aculeatus

<400> SEQUENCE: 59

atgaagctca gttggettga ggcggetgece ttgacggetyg cttcagtegt cagegetgat 60
gaactggegt tctctectee tttetacccee teteegtggg ccaatggeca gggagagtgg 120
gecggaagect accagegtge agtggecatt gtatcccaga tgactctgga tgagaaggtce 180
aacctgacca ccggaactgg atgggagetg gagaagtgeg teggtcagac tggtggtgte 240
ccaagactga acatcggtgg catgtgtett caggacagte ccttgggaat tcgtgatagt 300
gactacaatt cggctttcee tgctggtgtce aacgttgetg cgacatggga caagaacctt 360
gettatctac gtggtcagge tatgggtcaa gagttcagtg acaaaggaat tgatgttcaa 420

ttgggaccgyg ccgegggtece ccteggecagg agecctgatg gaggtegcaa ctgggaaggt 480

ttctectecag acceggetet tactggtgtyg ctetttgegg agacgattaa gggtattcaa 540
gacgctggtyg tcgtggegac agccaagcat tacattctca atgagcaaga geatttecge 600
caggtcgcag aggctgeggg ctacggatte aatatcteeg acacgatcag ctctaacgtt 660
gatgacaaga ccattcatga aatgtacctce tggccctteg cggatgeegt tegegecgge 720
gttggegeca tcatgtgtte ctacaaccag atcaacaaca gctacggttyg ccagaacagt 780
tacactctga acaagcttcet gaaggecgag cteggettece agggetttgt gatgtcetgac 840
tggggtgcte accacagtgg tgttggetcet getttggeeg gettggatat gtcaatgect 900
ggcgatatca ccttegatte tgccactagt ttetggggta ccaacctgac cattgetgtg 960

ctcaacggta ccgtcccgceca gtggcecgegtt gacgacatgg ctgtccgtat catggctgece 1020
tactacaagg ttggccgcga ccgcectgtac cageccgecta acttcagcte ctggactege 1080
gatgaatacg gcttcaagta tttctacccc caggaagggc cctatgagaa ggtcaatcac 1140
tttgtcaatg tgcagcgcaa ccacagcgag gttattcgca agttgggagce agacagtact 1200
gttctactga agaacaacaa tgccctgccg ctgaccggaa aggagcgcaa agttgcgatce 1260
ctgggtgaag atgctggatc caactcgtac ggtgccaatg gectgctctga ccegtggetgt 1320
gacaacggta ctcttgctat ggettggggt agcggcactg ccgaattccce atatctegtg 1380
acccctgage aggctattca agccgaggtg ctcaagcata agggcagcgt ctacgccatce 1440
acggacaact gggcgctgag ccaggtggag accctcgcta aacaagccag tgtctcetcett 1500
gtatttgtca actcggacgc gggagagggce tatatctceg tggacggaaa cgagggcgac 1560
cgcaacaacce tcaccctetg gaagaacgge gacaacctca tcaaggctge tgcaaacaac 1620
tgcaacaaca ccatcgttgt catccactce gttggacctg ttttggttga cgagtggtat 1680
gaccaccecca acgttactge catcctetgg gegggcttge ctggccagga gtcetggcaac 1740
tcettggetg acgtgcteta cggccgegte aacccgggceg ccaaatctece attcacctgg 1800
ggcaagacga gggaggcgta cggggattac cttgtcegtg agctcaacaa cggcaacgga 1860
gctececcaag atgatttcte ggaaggtgtt ttcattgact accgcggatt cgacaagcgce 1920
aatgagaccc cgatctacga gttcggacat ggtctgaget acaccacttt caactactcet 1980
ggccttcaca tccaggttct caacgcttece tccaacgctce aagtagccac tgagactgge 2040
gccgeteeca cctteggaca agtceggcaat gectctgact acgtgtaccce tgagggattg 2100
accagaatca gcaagttcat ctatccctgg cttaattcecca cagacctgaa ggcctcatct 2160
ggcgaccegt actatggagt cgacaccgceg gagcacgtge ccgagggtgce tactgatgge 2220

tcteegecage cegttectgece tgececggtggt ggetcectggtg gtaacccgeg cctcectacgat 2280
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176

gagttgatce

cctcaattgt

gaccgectea

gatctgtcta

gtccatgtty

tga

gtgttteggt

atgtttecct

cccteaagec

actgggacgt

gtagctcette

<210> SEQ ID NO 60

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Aspergillus

PRT

<400> SEQUENCE:

Met

1

Val

Trp

Ala

Gly

65

Pro

Ile

Ala

Gly

Ala

145

Phe

Lys

Leu

Gly

Ile

225

Cys

Phe

Gly

Phe

Lys

Ser

Ala

Ile

50

Thr

Arg

Arg

Ala

Gln

130

Gly

Ser

Gly

Asn

Phe

210

His

Gly

Gln

Gln

Ser
290

Asp

Leu

Ala

Asn

35

Val

Gly

Leu

Asp

Thr

115

Glu

Pro

Pro

Ile

Glu

195

Asn

Glu

Ala

Asn

Gly
275

Ala

Ser

Ser

Asp

20

Gly

Ser

Trp

Asn

Ser

100

Trp

Phe

Leu

Asp

Gln

180

Gln

Ile

Met

Ile

Ser
260
Phe

Leu

Ala

860

60

Trp

Glu

Gln

Gln

Glu

Ile

Asp

Asp

Ser

Gly

Pro

165

Asp

Glu

Ser

Tyr

Met

245

Tyr

Val

Ala

Thr

Leu

Leu

Gly

Met

Leu

70

Gly

Tyr

Lys

Asp

Arg

150

Ala

Ala

His

Asp

Leu

230

Cys

Thr

Met

Gly

Ser

Glu

Ala

Glu

Thr

55

Glu

Gly

Asn

Asn

Lys

135

Ser

Leu

Gly

Phe

Thr

215

Trp

Ser

Leu

Ser

Leu
295

Phe

gacagtcaag

tggtggacce

ctcegaggag

tgcggcteag

gegtcagety

aacactggtc

aatgagccca

acggtgtgga

gactgggtca

ccectteacy

aculeatus

Ala

Phe

Trp

40

Leu

Lys

Met

Ser

Leu

120

Gly

Pro

Thr

Val

Arg

200

Ile

Pro

Tyr

Asn

Asp
280

Asp

Trp

Ala

Ser

25

Ala

Asp

Cys

Cys

Ala

105

Ala

Ile

Asp

Gly

Val

185

Gln

Ser

Phe

Asn

Lys
265
Trp

Met

Gly

Ala

10

Pro

Glu

Glu

Val

Leu

90

Phe

Tyr

Asp

Gly

Val

170

Ala

Val

Ser

Ala

Gln

250

Leu

Gly

Ser

Thr

Leu

Pro

Ala

Lys

Gly

75

Gln

Pro

Leu

Val

Gly

155

Leu

Thr

Ala

Asn

Asp

235

Ile

Leu

Ala

Met

Asn

gtgttgcegg

aggttgtgtt

cgactaccect

tcacttctta

cggegetece

Thr

Phe

Tyr

Val

60

Gln

Asp

Ala

Arg

Gln

140

Arg

Phe

Ala

Glu

Val

220

Ala

Asn

Lys

His

Pro
300

Leu

Ala

Tyr

Gln

45

Asn

Thr

Ser

Gly

Gly

125

Leu

Asn

Ala

Lys

Ala

205

Asp

Val

Asn

Ala

His
285

Gly

Thr

Ala

Pro

30

Arg

Leu

Gly

Pro

Val

110

Gln

Gly

Trp

Glu

His

190

Ala

Asp

Arg

Ser

Glu
270
Ser

Asp

Ile

tgatgctgty

gegcaaatte

gacccegeege

cccgaagaag

gaaggtgcaa

Ser

15

Ser

Ala

Thr

Gly

Leu

95

Asn

Ala

Pro

Glu

Thr

175

Tyr

Gly

Lys

Ala

Tyr

255

Leu

Gly

Ile

Ala

Val

Pro

Val

Thr

Val

80

Gly

Val

Met

Ala

Gly

160

Ile

Ile

Tyr

Thr

Gly

240

Gly

Gly

Val

Thr

Val

2340

2400

2460

2520

2580

2583
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178

305

Leu

Ile

Pro

Tyr

Gln

385

Lys

Asn

Trp

Ala

465

Thr

Ser

Ser

Asn

Ile

545

Asp

Glu

Gly

Asp

Asp

625

Asn

Phe

Ala

Gly

Lys

705

Gly

Asn

Met

Asn

Pro

370

Arg

Leu

Val

Gly

Gly

450

Ile

Asp

Val

Val

Gly

530

Val

His

Ser

Ala

Tyr

610

Phe

Glu

Asn

Gln

Asn
690

Phe

Asp

Gly

Ala

Phe

355

Gln

Asn

Leu

Ala

Cys

435

Ser

Gln

Asn

Ser

Asp

515

Asp

Val

Pro

Gly

Lys

595

Leu

Ser

Thr

Tyr

Val
675
Ala

Ile

Pro

Thr

Ala

340

Ser

Glu

His

Lys

Ile

420

Ser

Gly

Ala

Trp

Leu

500

Gly

Asn

Ile

Asn

Asn

580

Ser

Val

Glu

Pro

Ser

660

Ala

Ser

Tyr

Tyr

Val

325

Tyr

Ser

Gly

Ser

Asn

405

Leu

Asp

Thr

Glu

Ala

485

Val

Asn

Leu

His

Val

565

Ser

Pro

Arg

Gly

Ile

645

Gly

Thr

Asp

Pro

Tyr
725

310

Pro

Tyr

Trp

Pro

Glu

390

Asn

Gly

Arg

Ala

Val

470

Leu

Phe

Glu

Ile

Ser

550

Thr

Leu

Phe

Glu

Val

630

Tyr

Leu

Glu

Tyr

Trp

710

Gly

Gln

Lys

Thr

Tyr

375

Val

Asn

Glu

Gly

Glu

455

Leu

Ser

Val

Gly

Lys

535

Val

Ala

Ala

Thr

Leu

615

Phe

Glu

His

Thr

Val
695

Leu

Val

Trp

Val

Arg

360

Glu

Ile

Ala

Asp

Cys

440

Phe

Lys

Gln

Asn

Asp

520

Ala

Gly

Ile

Asp

Trp

600

Asn

Ile

Phe

Ile

Gly
680
Tyr

Asn

Asp

Arg

Gly

345

Asp

Lys

Arg

Leu

Ala

425

Asp

Pro

His

Val

Ser

505

Arg

Ala

Pro

Leu

Val

585

Gly

Asn

Asp

Gly

Gln

665

Ala

Pro

Ser

Thr

Val

330

Arg

Glu

Val

Lys

Pro

410

Gly

Asn

Tyr

Lys

Glu

490

Asp

Asn

Ala

Val

Trp

570

Leu

Lys

Gly

Tyr

His

650

Val

Ala

Glu

Thr

Ala
730

315

Asp

Asp

Tyr

Asn

Leu

395

Leu

Ser

Gly

Leu

Gly

475

Thr

Ala

Asn

Asn

Leu

555

Ala

Tyr

Thr

Asn

Arg

635

Gly

Leu

Pro

Gly

Asp

715

Glu

Asp

Arg

Gly

His

380

Gly

Thr

Asn

Thr

Val

460

Ser

Leu

Gly

Leu

Asn

540

Val

Gly

Gly

Arg

Gly

620

Gly

Leu

Asn

Thr

Leu
700

Leu

His

Met

Leu

Phe

365

Phe

Ala

Gly

Ser

Leu

445

Thr

Val

Ala

Glu

Thr

525

Cys

Asp

Leu

Arg

Glu

605

Ala

Phe

Ser

Ala

Phe
685
Thr

Lys

Val

Ala

Tyr

350

Lys

Val

Asp

Lys

Tyr

430

Ala

Pro

Tyr

Lys

Gly

510

Leu

Asn

Glu

Pro

Val

590

Ala

Pro

Asp

Tyr

Ser

670

Gly

Arg

Ala

Pro

Val

335

Gln

Tyr

Asn

Ser

Glu

415

Gly

Met

Glu

Ala

Gln

495

Tyr

Trp

Asn

Trp

Gly

575

Asn

Tyr

Gln

Lys

Thr

655

Ser

Gln

Ile

Ser

Glu
735

320

Arg

Pro

Phe

Val

Thr

400

Arg

Ala

Ala

Gln

Ile

480

Ala

Ile

Lys

Thr

Tyr

560

Gln

Pro

Gly

Asp

Arg

640

Thr

Asn

Val

Ser

Ser
720

Gly
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180

Ala Thr Asp

Gly Ser Pro Gln Pro

740

Gly Gly Asn Pro Arg Leu Tyr Asp

755

760

Val Lys Asn Thr Gly Arg Val Ala

770

775

Val Ser Leu Gly Gly Pro Asn Glu
790

Asp Arg Leu Thr Leu Lys Pro Ser

Leu Thr Arg

Val Ile Thr
835

Gln Leu Pro

850

805

Arg Asp Leu Ser Asn

820

Ser Tyr Pro Lys Lys

840

Leu His Ala Ala Leu

<210> SEQ ID NO 61
<211> LENGTH: 3294

<212> TYPE

: DNA

855

<213> ORGANISM: Aspergillus oryz

<400> SEQUENCE: 61

atgegttect

geegetgatyg

aagaaggctce

gacttcgacyg

accccatggyg

agcaatgagg

getggcaaga

ttcgatctca

ggtggtctgc

ccegacgecc

ccgagettea

cgcegeaacy

ctecegetecyg

tactcccecte

tacaaacgcg

actggaacag

aacatcccca

tcagctttee

cgtggtcagg

getgetggee

gatccagece

gtcattgcga

gaggctgegg

cceeectect

gcaggtccac

ccgtgaacca

ccaagtcegyg

ctgtgaacga

cgggetggtyg

agatggtegt

acatcccegyg

ceggecageg

tcaagccegyg

getteegtea

acgacggcaa

cegttgtgge

ctttctacce

ctgtagacat

gatggcaact

gettgtgttt

ctgcgggtgt

caatgggtga

ctcteggtge

tcaccggtgt

cagctaagca

gttacggatt

cegeteegea

cegetactgyg

gectgtettt

ctgecgagecyg

cgacttegeg

ctgegectge

ccagtecace

ngngCgtC

ctacggegge

ctgctactgg

ggtccagtge

ctteectgee

cgecectgecy

ttcecccatgyg

agtttcccag

agagaggtgt

gcaggatagt

taatgtcget

ggagttcagt

tcatcecggat

actttttgeg

ttatatcatg

caacgtaagc

Val

745

Glu

Gly

Pro

Glu

Trp

825

Val

Pro

ae

Leu

Leu

Asp

Lys

Glu

810

Asp

His

Lys

Pro

Ile

Ala

Val

795

Thr

Val

Val

Val

gttgtggeeg

gactgctgca

tcctgcaacy

ggcggtgteg

cteggttttyg

tacgagctca

agcactggeg

ggcatctteg

atctecgtece

cgcttegact

ccagccgage

gtccagatce

gtgttggcce

gcagatggte

atgacgttga

gttggacaaa

cctettggta

gecacetggy

gataagggta

ggcggtagaa

gagacgatta

aacgaacaag

gacagtttga

Ala Gly Gly Gly Ser

750

Arg Val Ser

765

Val Thr

Val Pro Gln Leu Tyr

780

Val Leu Arg

Val Trp Thr

Lys Phe
800

Thr Thr
815

Ala Ala Gln Asp Trp

830

Gly Ser Ser

845

Gln
860

cecctgecggt

agccttegty

ccaacttcca

cctactegty

ctgecaccte

ccttcacatce

gtgatcttgg

acggatgcac

gcaacgagtg

ggttcaagaa

tegtegeteg

ccatgegtte

ttgccaagga

agggtgaatg

cagagaaagt

ctggcagtgt

ttegtttete

acaagacgct

ttgacgttca

actgggaagg

agggtattca

agcatttceg

gttccaacgt

Ser Arg

gttggccett
cggcetgggcee
gegtatcacg
cgcecgaccag
tattgccgge
cggtectgtt
cagcaaccac
tccecagtte
cgatcggtte
cgccgacaat
caccggatge
ctceceecte
tgatctegeg
ggcggaagta
caacttaacyg
tcccagacte
ggactacaat
cgcctaccett
getgggtect
tttctcacca
agatgctggt
ccaacaacce

tgatgacaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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-continued
actatgcatg aattgtacct ctggccctte gcggatgcag tacgcgctgg agtcggtgcet 1440
gtcatgtgct cttacaacca aatcaacaac agctacggtt gcgagaatag cgaaactctg 1500
aacaagcttt tgaaggcgga gcttggtttce caaggctteg tcatgagtga ttggaccgcet 1560
catcacagcg gcgtaggege tgctttagca ggtctggata tgtcgatgcece cggtgatgtt 1620
accttcgata gtggtacgtce tttctggggt gcaaacttga cggtcggtgt ccttaacggt 1680
acaatccccece aatggcgtgt tgatgacatg gctgtcegta tcatggccge ttattacaag 1740
gttggccgeg acaccaaata caccccteccecce aacttcaget cgtggaccag ggacgaatat 1800
ggtttcgege ataaccatgt ttceggaaggt gcecttacgaga gggtcaacga attcgtggac 1860
gtgcaacgcg atcatgccga cctaatcegt cgcatcggeg cgcagagcac tgttcectgetg 1920
aagaacaagg gtgccttgece cttgageccge aaggaaaagce tggtcgccct tetgggagag 1980
gatgcgggtt ccaactcgtg gggcgctaac ggctgtgatg accgtggttg cgataacggt 2040
acccttgeca tggectgggg tagcggtact gcgaatttcece catacctcegt gacaccagag 2100
caggcgattc agaacgaagt tcttcagggc cgtggtaatg tcttecgccgt gaccgacagt 2160
tgggcgcecteg acaagatcgce tgcggctgce cgccaggceca gcgtatctet cgtgttegte 2220
aactccgact caggagaagg ctatcttagt gtggatggaa atgagggcga tcgtaacaac 2280
atcactctgt ggaagaacgg cgacaatgtg gtcaagaccg cagcgaataa ctgtaacaac 2340
accgttgtca tcatccacte cgtcggacca gttttgatcg atgaatggta tgaccacccce 2400
aatgtcactg gtattctctg ggctggtctg ccaggccagg agtctggtaa ctcecattgece 2460
gatgtgctgt acggtcgtgt caaccctgge gccaagtcte ctttcacttg gggcaagacce 2520
cgggagtcgt atggttctece cttggtcaag gatgccaaca atggcaacgg agcgccccag 2580
tctgatttca cccagggtgt tttcatcgat taccgccatt tcgataagtt caatgagacc 2640
cctatctacg agtttggcta cggcttgage tacaccacct tcgagctcte cgacctcecat 2700
gttcagccee tgaacgcgte ccgatacact cccaccagtg gcatgactga agctgcaaag 2760
aactttggtg aaattggcga tgcgtcggag tacgtgtatc cggaggggct ggaaaggatc 2820
catgagttta tctatccctg gatcaactct accgacctga aggcatcgte tgacgattct 2880
aactacggct gggaagactc caagtatatt cccgaaggcg ccacggatgg gtcectgcccag 2940
cceegtttge cecgctagtgg tggtgccgga ggaaacccecg gtctgtacga ggatctttte 3000
cgegtetetg tgaaggtcaa gaacacgggce aatgtcgecg gtgatgaagt tectcagetg 3060
tacgtttcece taggcggecc gaatgagccce aaggtggtac tgcgcaagtt tgagcegtatt 3120
cacttggccce cttegcagga ggccgtgtgg acaacgaccce ttaccecgteg tgaccttgcea 3180
aactgggacg tttcggctca ggactggacc gtcactcecctt accccaagac gatctacgtt 3240
ggaaactcct cacggaaact gccgctcecag gectecgcectge ctaaggccca gtaa 3294

<210> SEQ ID NO 62
<211> LENGTH: 1097

<212> TYPE:

PRT

<213> ORGANISM: Aspergillus oryzae

<400> SEQUENCE: 62

Met Arg Ser Ser Pro Leu Leu Arg Ser Ala Val Val Ala Ala Leu Pro

1

5

10

15

Val Leu Ala Leu Ala Ala Asp Gly Arg Ser Thr Arg Tyr Trp Asp Cys

20

25

30

Cys Lys Pro Ser Cys Gly Trp Ala Lys Lys Ala Pro Val Asn Gln Pro
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184

Lys

65

Thr

Ser

Leu

Ser

Ile

145

Gly

Cys

Asp

Gln

Asp

225

Leu

Asp

Gly

Ser

Trp

305

Asn

Ser

Trp

Phe

Leu
385
Asp

Gln

Gln

Phe

50

Ser

Pro

Ile

Thr

Thr

130

Pro

Gly

Asp

Trp

Cys

210

Gly

Arg

Asp

Gln

Gln

290

Gln

Ile

Asp

Asp

Ser

370

Gly

Pro

Asp

Glu

Ser
450

35

Ser

Gly

Trp

Ala

Phe

115

Ser

Gly

Leu

Arg

Phe

195

Pro

Asn

Ser

Leu

Gly

275

Met

Leu

Pro

Tyr

Lys

355

Asp

Ala

Ala

Ala

His
435

Asp

Cys

Cys

Ala

Gly

100

Thr

Thr

Gly

Pro

Phe

180

Lys

Ala

Phe

Ala

Ala

260

Glu

Thr

Glu

Ser

Asn

340

Thr

Lys

His

Leu

Gly
420

Phe

Ser

Asn

Glu

Val

85

Ser

Ser

Gly

Gly

Gly

165

Pro

Asn

Glu

Pro

Val

245

Tyr

Trp

Leu

Arg

Leu

325

Ser

Leu

Gly

Pro

Thr
405
Val

Arg

Leu

Ala

Pro

70

Asn

Asn

Gly

Gly

Val

150

Gln

Asp

Ala

Leu

Ala

230

Val

Ser

Ala

Thr

Cys

310

Cys

Ala

Ala

Ile

Asp

390

Gly

Ile

Gln

Ser

Asn

55

Gly

Asp

Glu

Pro

Asp

135

Gly

Arg

Ala

Asp

Val

215

Val

Ala

Pro

Glu

Glu

295

Val

Leu

Phe

Tyr

Asp

375

Gly

Val

Ala

Gln

Ser
455

40

Phe

Gly

Asp

Ala

Val

120

Leu

Ile

Tyr

Leu

Asn

200

Ala

Gln

Ala

Pro

Val

280

Lys

Gly

Gln

Pro

Leu

360

Val

Gly

Leu

Thr

Pro
440

Asn

Gln

Val

Phe

Gly

105

Ala

Gly

Phe

Gly

Lys

185

Pro

Arg

Ile

Leu

Phe

265

Tyr

Val

Gln

Asp

Ala

345

Arg

Gln

Arg

Phe

Ala
425

Glu

Val

Arg

Ala

Ala

90

Trp

Gly

Ser

Asp

Gly

170

Pro

Ser

Thr

Pro

Pro

250

Tyr

Lys

Asn

Thr

Ser

330

Gly

Gly

Leu

Asn

Ala
410
Lys

Ala

Asp

Ile

Tyr

75

Leu

Cys

Lys

Asn

Gly

155

Ile

Gly

Phe

Gly

Met

235

Val

Pro

Arg

Leu

Gly

315

Pro

Val

Gln

Gly

Trp

395

Glu

His

Ala

Asp

Thr

60

Ser

Gly

Cys

Lys

His

140

Cys

Ser

Cys

Ser

Cys

220

Arg

Leu

Ser

Ala

Thr

300

Ser

Leu

Asn

Ala

Pro

380

Glu

Thr

Tyr

Gly

Lys
460

45

Asp

Cys

Phe

Ala

Met

125

Phe

Thr

Ser

Tyr

Phe

205

Arg

Ser

Ala

Pro

Val

285

Thr

Val

Gly

Val

Met

365

Ala

Gly

Ile

Ile

Tyr
445

Thr

Phe

Ala

Ala

Cys

110

Val

Asp

Pro

Arg

Trp

190

Arg

Arg

Ser

Leu

Trp

270

Asp

Gly

Pro

Ile

Ala

350

Gly

Ala

Phe

Lys

Met
430

Gly

Met

Asp

Asp

Ala

95

Tyr

Val

Leu

Gln

Asn

175

Arg

Gln

Asn

Pro

Ala

255

Ala

Ile

Thr

Arg

Arg

335

Ala

Glu

Gly

Ser

Gly
415
Asn

Phe

His

Ala

Gln

80

Thr

Glu

Gln

Asn

Phe

160

Glu

Phe

Val

Asp

Leu

240

Lys

Asp

Val

Gly

Leu

320

Phe

Thr

Glu

Pro

Pro

400

Ile

Glu

Asn

Glu
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186

Leu

465

Ser

Phe

Leu

Gly

545

Thr

Ala

Ser

Glu

His

625

Lys

Leu

Asp

Gly

Asn

705

Trp

Leu

Gly

Asn

Ile

785

Asn

Asn

Ser

Gln
865

Tyr

Met

Glu

Val

Ala

530

Thr

Ile

Tyr

Ser

Gly

610

Ala

Asn

Leu

Asp

Thr

690

Glu

Ala

Val

Asn

Val

770

His

Val

Ser

Pro

Lys
850

Gly

Leu

Cys

Thr

Met

515

Gly

Ser

Pro

Tyr

Trp

595

Ala

Asp

Lys

Gly

Arg

675

Ala

Val

Leu

Phe

Glu

755

Val

Ser

Thr

Ile

Phe
835

Asp

Val

Trp

Ser

Leu

500

Ser

Leu

Phe

Gln

Lys

580

Thr

Tyr

Leu

Gly

Glu

660

Gly

Asn

Leu

Asp

Val

740

Gly

Lys

Val

Gly

Ala
820
Thr

Ala

Phe

Pro

Tyr

485

Asn

Asp

Asp

Trp

Trp

565

Val

Arg

Glu

Ile

Ala

645

Asp

Cys

Phe

Gln

Lys

725

Asn

Asp

Thr

Gly

Ile

805

Asp

Trp

Asn

Ile

Phe

470

Asn

Lys

Trp

Met

Gly

550

Arg

Gly

Asp

Arg

Arg

630

Leu

Ala

Asp

Pro

Gly

710

Ile

Ser

Arg

Ala

Pro

790

Leu

Val

Gly

Asn

Asp
870

Ala

Gln

Leu

Thr

Ser

535

Ala

Val

Arg

Glu

Val

615

Arg

Pro

Gly

Asn

Tyr

695

Arg

Ala

Asp

Asn

Ala

775

Val

Trp

Leu

Lys

Gly

855

Tyr

Asp

Ile

Leu

Ala

520

Met

Asn

Asp

Asp

Tyr

600

Asn

Ile

Leu

Ser

Gly

680

Leu

Gly

Ala

Ser

Asn

760

Asn

Leu

Ala

Tyr

Thr

840

Asn

Arg

Ala

Asn

Lys

505

His

Pro

Leu

Asp

Thr

585

Gly

Glu

Gly

Ser

Asn

665

Thr

Val

Asn

Ala

Gly

745

Ile

Asn

Ile

Gly

Gly

825

Arg

Gly

His

Val

Asn

490

Ala

His

Gly

Thr

Met

570

Lys

Phe

Phe

Ala

Arg

650

Ser

Leu

Thr

Val

Ala

730

Glu

Thr

Cys

Asp

Leu

810

Arg

Glu

Ala

Phe

Arg

475

Ser

Glu

Ser

Asp

Val

555

Ala

Tyr

Ala

Val

Gln

635

Lys

Trp

Ala

Pro

Phe

715

Arg

Gly

Leu

Asn

Glu

795

Pro

Val

Ser

Pro

Asp
875

Ala

Tyr

Leu

Gly

Val

540

Gly

Val

Thr

His

Asp

620

Ser

Glu

Gly

Met

Glu

700

Ala

Gln

Tyr

Trp

Asn

780

Trp

Gly

Asn

Tyr

Gln
860

Lys

Gly

Gly

Gly

Val

525

Thr

Val

Arg

Pro

Asn

605

Val

Thr

Lys

Ala

Ala

685

Gln

Val

Ala

Leu

Lys

765

Thr

Tyr

Gln

Pro

Gly
845

Ser

Phe

Val

Cys

Phe

510

Gly

Phe

Leu

Ile

Pro

590

His

Gln

Val

Leu

Asn

670

Trp

Ala

Thr

Ser

Ser

750

Asn

Val

Asp

Glu

Gly
830
Ser

Asp

Asn

Gly

Glu

495

Gln

Ala

Asp

Asn

Met

575

Asn

Val

Arg

Leu

Val

655

Gly

Gly

Ile

Asp

Val

735

Val

Gly

Val

His

Ser

815

Ala

Pro

Phe

Glu

Ala

480

Asn

Gly

Ala

Ser

Gly

560

Ala

Phe

Ser

Asp

Leu

640

Ala

Cys

Ser

Gln

Ser

720

Ser

Asp

Asp

Ile

Pro

800

Gly

Lys

Leu

Thr

Thr
880
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Pro Ile Tyr

Glu Phe Gly Tyr Gly

885

Ser Asp Leu His Val Gln Pro Leu

Ser Gly Met
915

Ser Glu Tyr

930

Tyr Pro Trp

945

900

Thr Glu Ala Ala Lys

Val Tyr P

Ile Asn S
9

920

ro Glu Gly
935

er Thr Asp
50

Asn Tyr Gly Trp Glu Asp Ser Lys

Gly Ser Ala

965

Gln Pro Arg Leu Pro

980

Pro Gly Leu Tyr Glu Asp Leu Phe

995

Thr Gly Asn Val Ala

1010

Leu Gly Gly Pro Asn

1025

Arg Ile His Leu Ala

1040

Leu Thr Arg Arg Asp

1055

Trp Thr Val Thr Pro

1070

Ser Arg Lys Leu Pro

1085

<210> SEQ ID NO 63
<211> LENGTH: 3294

<212> TYPE:

DNA

1000

Gly Asp Gl
1015

Leu Ser Tyr
890

Asn Ala Ser
905

Thr Thr Phe

Arg Tyr Thr
910

Glu Leu
895

Pro Thr

Asn Phe Gly Glu Ile Gly Asp Ala

Leu Glu Arg

Leu Lys Ala
955

Tyr Ile Pro
970

925

Ile His Glu Phe Ile

940

Ser Ser Asp

Glu Gly Ala

Asp Ser
960

Thr Asp
975

Ala Ser Gly Gly Ala Gly Gly Asn

985

990

Arg Val Ser Val Lys

1005

u Val Pro Gln Leu Tyr

1020

Glu Pro Lys Val Val Leu Arg Lys

1030

Pro Ser Gl
1045

Leu Ala As
1060

1035

n Glu Ala Val Trp Thr

1050

n Trp Asp Val Ser Ala

1065

Tyr Pro Lys Thr Ile Tyr Val Gly

1075

Leu Gln Al
1090

1080

a Ser Leu Pro Lys Ala

<213> ORGANISM: Aspergillus oryzae

<400> SEQUENCE: 63

atgegttect

geegetgatyg

aagaaggctce

gacttcgacyg

accccatggyg

agcaatgagg

getggcaaga

ttcgatctca

ggtggtctgc

ccegacgecc

ccgagettea

cgcegeaacy

ctecegetecyg

tactcccecte

tacaaacgcg

cceeectect

gcaggtccac

ccgtgaacca

ccaagtcegyg

ctgtgaacga

cgggetggtyg

agatggtegt

acatcccegyg

ceggecageg

tcaagccegyg

getteegtea

acgacggcaa

cegttgtgge

ctttctacce

ctgtagacat

cegeteegea

cegetactgyg

gectgtettt

ctgecgagecyg

cgacttegeg

ctgegectge

ccagtecace

ngngCgtC

ctacggegge

ctgctactgg

ggtccagtge

ctteectgee

cgecectgecy

ttcecccatgyg

agtttcccag

gttgtggeeg

gactgctgca

tcctgcaacy

ggcggtgteg

cteggttttyg

tacgagctca

agcactggeg

ggcatctteg

atctecgtece

cgcttegact

ccagccgage

gtccagatce

gtgttggcce

gcagatggte

atgacgttga

1095

cecctgecggt

agccttegty

ccaacttcca

cctactegty

ctgecaccte

ccttcacatce

gtgatcttgg

acggatgcac

gcaacgagtg

ggttcaagaa

tegtegeteg

ccatgegtte

ttgccaagga

agggtgaatg

cagagaaagt

Val Lys Asn

Val Ser

Phe Glu

Thr Thr

Gln Asp

Asn Ser

Gln

gttggccett
cggcetgggcee
gegtatcacg
cgcecgaccag
tattgccgge
cggtectgtt
cagcaaccac
tccecagtte
cgatcggtte
cgccgacaat
caccggatge
ctceceecte
tgatctegeg
ggcggaagta

caacttaacyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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actggaacag gatggcaact agagaggtgt gttggacaaa ctggcagtgt tcccagacte 960
aacatcccca gettgtgttt gcaggatagt cctettggta ttcegtttcecte ggactacaat 1020
tcagctttee ctgcgggtgt taatgtcgct gccacctggg acaagacgct cgcctacctt 1080
cgtggtcagg caatgggtga ggagttcagt gataagggta ttgacgttca gctgggtect 1140
gctgetggee cteteggtge tcatccggat ggcggtagaa actgggaaag tttcetcacca 1200
gatccageece tcaccggtgt actttttgeg gagacgatta agggtattca agatgctggt 1260
gtcattgcga cagctaagca ttatatcatg aacgaacaag agcatttccg ccaacaaccce 1320
gaggctgegg gttacggatt caacgtaagc gacagtttga gttccaacgt tgatgacaag 1380
actatgcatg aattgtacct ctggccctte gcggatgcag tacgcgctgg agtcggtgcet 1440
gttatgtgct cttacaacca aatcaacaac agctacggtt gcgagaatag cgaaactctg 1500
aacaagcttt tgaaggcgga gcttggtttce caaggctteg tcatgagtga ttggaccgcet 1560
caacacagcg gcgtaggege tgctttagca ggtcectggata tgtcgatgcce cggtgatgtt 1620
accttcgata gtggtacgtce tttctggggt gcaaacttga cggtcggtgt ccttaacggt 1680
acaatccccece aatggcgtgt tgatgacatg gctgtcegta tcatggccge ttattacaag 1740
gttggccgeg acaccaaata caccccteccecce aacttcaget cgtggaccag ggacgaatat 1800
ggtttcgege ataaccatgt ttceggaaggt gcecttacgaga gggtcaacga attcgtggac 1860
gtgcaacgcg atcatgccga cctaatcegt cgcatcggeg cgcagagcac tgttcectgetg 1920
aagaacaagg gtgccttgece cttgageccge aaggaaaagce tggtcgccct tetgggagag 1980
gatgcgggtt ccaactcgtg gggcgctaac ggctgtgatg accgtggttg cgataacggt 2040
acccttgeca tggectgggg tagcggtact gcgaatttcece catacctcegt gacaccagag 2100
caggcgattc agaacgaagt tcttcagggc cgtggtaatg tcttecgccgt gaccgacagt 2160
tgggcgcecteg acaagatcgce tgcggctgce cgccaggceca gcgtatctet cgtgttegte 2220
aactccgact caggagaagg ctatcttagt gtggatggaa atgagggcga tcgtaacaac 2280
atcactctgt ggaagaacgg cgacaatgtg gtcaagaccg cagcgaataa ctgtaacaac 2340
accgttgtca tcatccacte cgtcggacca gttttgatcg atgaatggta tgaccacccce 2400
aatgtcactg gtattctctg ggctggtctg ccaggccagg agtctggtaa ctcecattgece 2460
gatgtgctgt acggtcgtgt caaccctgge gccaagtcte ctttcacttg gggcaagacce 2520
cgggagtcgt atggttctece cttggtcaag gatgccaaca atggcaacgg agcgccccag 2580
tctgatttca cccagggtgt tttcatcgat taccgccatt tcgataagtt caatgagacc 2640
cctatctacg agtttggcta cggcttgage tacaccacct tcgagctcte cgacctcecat 2700
gttcagccee tgaacgcgte ccgatacact cccaccagtg gcatgactga agctgcaaag 2760
aactttggtg aaattggcga tgcgtcggag tacgtgtatc cggaggggct ggaaaggatc 2820
catgagttta tctatccctg gatcaactct accgacctga aggcatcgte tgacgattct 2880
aactacggct gggaagactc caagtatatt cccgaaggcg ccacggatgg gtcectgcccag 2940
cceegtttge cecgctagtgg tggtgccgga ggaaacccecg gtctgtacga ggatctttte 3000
cgegtetetg tgaaggtcaa gaacacgggce aatgtcgecg gtgatgaagt tectcagetg 3060
tacgtttcece taggcggecc gaatgagccce aaggtggtac tgcgcaagtt tgagcegtatt 3120
cacttggccce cttegcagga ggccgtgtgg acaacgaccce ttaccecgteg tgaccttgcea 3180

aactgggacg tttcggctca ggactggacc gtcactcecctt accccaagac gatctacgtt 3240
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ggaaactcct cacggaaact gccgctcecag gectecgcectge ctaaggccca gtaa 3294

<210> SEQ ID NO 64

<211> LENGTH: 1097

<212> TYPE: PRT

<213> ORGANISM: Aspergillus oryzae

<400> SEQUENCE: 64

Met Arg Ser Ser Pro Leu Leu Arg Ser Ala Val Val Ala Ala Leu Pro
1 5 10 15

Val Leu Ala Leu Ala Ala Asp Gly Arg Ser Thr Arg Tyr Trp Asp Cys
20 25 30

Cys Lys Pro Ser Cys Gly Trp Ala Lys Lys Ala Pro Val Asn Gln Pro
35 40 45

Val Phe Ser Cys Asn Ala Asn Phe Gln Arg Ile Thr Asp Phe Asp Ala
50 55 60

Lys Ser Gly Cys Glu Pro Gly Gly Val Ala Tyr Ser Cys Ala Asp Gln
65 70 75 80

Thr Pro Trp Ala Val Asn Asp Asp Phe Ala Leu Gly Phe Ala Ala Thr
85 90 95

Ser Ile Ala Gly Ser Asn Glu Ala Gly Trp Cys Cys Ala Cys Tyr Glu
100 105 110

Leu Thr Phe Thr Ser Gly Pro Val Ala Gly Lys Lys Met Val Val Gln
115 120 125

Ser Thr Ser Thr Gly Gly Asp Leu Gly Ser Asn His Phe Asp Leu Asn
130 135 140

Ile Pro Gly Gly Gly Val Gly Ile Phe Asp Gly Cys Thr Pro Gln Phe
145 150 155 160

Gly Gly Leu Pro Gly Gln Arg Tyr Gly Gly Ile Ser Ser Arg Asn Glu
165 170 175

Cys Asp Arg Phe Pro Asp Ala Leu Lys Pro Gly Cys Tyr Trp Arg Phe
180 185 190

Asp Trp Phe Lys Asn Ala Asp Asn Pro Ser Phe Ser Phe Arg Gln Val
195 200 205

Gln Cys Pro Ala Glu Leu Val Ala Arg Thr Gly Cys Arg Arg Asn Asp
210 215 220

Asp Gly Asn Phe Pro Ala Val Gln Ile Pro Met Arg Ser Ser Pro Leu
225 230 235 240

Leu Arg Ser Ala Val Val Ala Ala Leu Pro Val Leu Ala Leu Ala Lys
245 250 255

Asp Asp Leu Ala Tyr Ser Pro Pro Phe Tyr Pro Ser Pro Trp Ala Asp
260 265 270

Gly Gln Gly Glu Trp Ala Glu Val Tyr Lys Arg Ala Val Asp Ile Val
275 280 285

Ser Gln Met Thr Leu Thr Glu Lys Val Asn Leu Thr Thr Gly Thr Gly
290 295 300

Trp Gln Leu Glu Arg Cys Val Gly Gln Thr Gly Ser Val Pro Arg Leu
305 310 315 320

Asn Ile Pro Ser Leu Cys Leu Gln Asp Ser Pro Leu Gly Ile Arg Phe
325 330 335

Ser Asp Tyr Asn Ser Ala Phe Pro Ala Gly Val Asn Val Ala Ala Thr
340 345 350

Trp Asp Lys Thr Leu Ala Tyr Leu Arg Gly Gln Ala Met Gly Glu Glu
355 360 365
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Phe

Leu

385

Asp

Gln

Gln

Leu

465

Ser

Phe

Leu

Gly

545

Thr

Ala

Ser

Glu

His

625

Lys

Leu

Asp

Gly

Asn

705

Trp

Leu

Gly

Asn

Ile

Ser

370

Gly

Pro

Asp

Glu

Ser

450

Tyr

Met

Glu

Val

Ala

530

Thr

Ile

Tyr

Ser

Gly

610

Ala

Asn

Leu

Asp

Thr

690

Glu

Ala

Val

Asn

Val
770

His

Asp

Ala

Ala

Ala

His

435

Asp

Leu

Cys

Thr

Met

515

Gly

Ser

Pro

Tyr

Trp

595

Ala

Asp

Lys

Gly

Arg

675

Ala

Val

Leu

Phe

Glu
755

Val

Ser

Lys

His

Leu

Gly

420

Phe

Ser

Trp

Ser

Leu

500

Ser

Leu

Phe

Gln

Lys

580

Thr

Tyr

Leu

Gly

Glu

660

Gly

Asn

Leu

Asp

Val
740
Gly

Lys

Val

Gly

Pro

Thr

405

Val

Arg

Leu

Pro

Tyr

485

Asn

Asp

Asp

Trp

Trp

565

Val

Arg

Glu

Ile

Ala

645

Asp

Cys

Phe

Gln

Lys

725

Asn

Asp

Thr

Gly

Ile

Asp

390

Gly

Ile

Gln

Ser

Phe

470

Asn

Lys

Trp

Met

Gly

550

Arg

Gly

Asp

Arg

Arg

630

Leu

Ala

Asp

Pro

Gly

710

Ile

Ser

Arg

Ala

Pro

Asp

375

Gly

Val

Ala

Gln

Ser

455

Ala

Gln

Leu

Thr

Ser

535

Ala

Val

Arg

Glu

Val

615

Arg

Pro

Gly

Asn

Tyr

695

Arg

Ala

Asp

Asn

Ala
775

Val

Val

Gly

Leu

Thr

Pro

440

Asn

Asp

Ile

Leu

Ala

520

Met

Asn

Asp

Asp

Tyr

600

Asn

Ile

Leu

Ser

Gly

680

Leu

Gly

Ala

Ser

Asn
760

Asn

Leu

Gln

Arg

Phe

Ala

425

Glu

Val

Ala

Asn

Lys

505

Gln

Pro

Leu

Asp

Thr

585

Gly

Glu

Gly

Ser

Asn

665

Thr

Val

Asn

Ala

Gly
745
Ile

Asn

Ile

Leu

Asn

Ala

410

Lys

Ala

Asp

Val

Asn

490

Ala

His

Gly

Thr

Met

570

Lys

Phe

Phe

Ala

Arg

650

Ser

Leu

Thr

Val

Ala

730

Glu

Thr

Cys

Asp

Gly

Trp

395

Glu

His

Ala

Asp

Arg

475

Ser

Glu

Ser

Asp

Val

555

Ala

Tyr

Ala

Val

Gln

635

Lys

Trp

Ala

Pro

Phe

715

Arg

Gly

Leu

Asn

Glu

Pro

380

Glu

Thr

Tyr

Gly

Lys

460

Ala

Tyr

Leu

Gly

Val

540

Gly

Val

Thr

His

Asp

620

Ser

Glu

Gly

Met

Glu

700

Ala

Gln

Tyr

Trp

Asn
780

Trp

Ala

Ser

Ile

Ile

Tyr

445

Thr

Gly

Gly

Gly

Val

525

Thr

Val

Arg

Pro

Asn

605

Val

Thr

Lys

Ala

Ala

685

Gln

Val

Ala

Leu

Lys
765

Thr

Tyr

Ala

Phe

Lys

Met

430

Gly

Met

Val

Cys

Phe

510

Gly

Phe

Leu

Ile

Pro

590

His

Gln

Val

Leu

Asn

670

Trp

Ala

Thr

Ser

Ser
750
Asn

Val

Asp

Gly

Ser

Gly

415

Asn

Phe

His

Gly

Glu

495

Gln

Ala

Asp

Asn

Met

575

Asn

Val

Arg

Leu

Val

655

Gly

Gly

Ile

Asp

Val

735

Val

Gly

Val

His

Pro

Pro

400

Ile

Glu

Asn

Glu

Ala

480

Asn

Gly

Ala

Ser

Gly

560

Ala

Phe

Ser

Asp

Leu

640

Ala

Cys

Ser

Gln

Ser

720

Ser

Asp

Asp

Ile

Pro
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785

Asn Val Thr

Asn Ser Ile

Ser Pro Phe

835

Val Lys Asp
850

Gln Gly Val
865

Pro Ile Tyr

Ser Asp Leu

Ser Gly Met

915

Ser Glu Tyr
930

Tyr Pro Trp
945

Asn Tyr Gly

Gly Ser Ala

Pro Gly Leu
995

Thr Gly As
1010

7

Gly Ile L
805

90

eu Trp Ala

Ala Asp Val Leu Tyr

820

Thr Trp G

ly Lys Thr
840

Ala Asn Asn Gly Asn

855

Phe Ile Asp Tyr Arg

8

Glu Phe G
885

His Val G
900

70

ly Tyr Gly

1ln Pro Leu

Thr Glu Ala Ala Lys

Val Tyr P

Ile Asn S
9

920

ro Glu Gly
935

er Thr Asp
50

Trp Glu Asp Ser Lys

965

Gln Pro Arg Leu Pro

980

Tyr Glu Asp Leu Phe

n Val Ala

Leu Gly Gly Pro Asn

1025

Arg Ile Hi
1040

Leu Thr Ar
1055

Trp Thr Va
1070

Ser Arg Ly
1085

<210> SEQ I
<211> LENGT.
<212> TYPE:

s Leu Ala

g Arg Asp

1 Thr Pro

s Leu Pro

D NO 65
H: 1846
DNA

1000

Gly Asp Gl
1015

Glu Pro Ly
1030

Pro Ser Gl
1045

Leu Ala As
1060

Tyr Pro Ly
1075

Leu Gln Al
1090

795

Gly Leu Pro
810

Gly Arg Val
825

Arg Glu Ser

Gly Ala Pro

His Phe Asp

875

Leu Ser Tyr
890

Asn Ala Ser
905

Asn Phe Gly

Leu Glu Arg

Leu Lys Ala
955

Tyr Ile Pro
970

Ala Ser Gly
985

800

Gly Gln Glu Ser Gly

815

Asn Pro Gly Ala Lys
830

Tyr Gly Ser

845

Gln Ser Asp

860

Pro Leu

Phe Thr

Lys Phe Asn Glu Thr

Thr Thr Phe

Arg Tyr Thr
910

880

Glu Leu
895

Pro Thr

Glu Ile Gly Asp Ala

925

Ile His Glu Phe Ile

940

Ser Ser Asp

Glu Gly Ala

Asp Ser
960

Thr Asp
975

Gly Ala Gly Gly Asn

990

Arg Val Ser Val Lys

1005

u Val Pro Gln Leu Tyr

1020

s Val Val Leu Arg Lys

1035

n Glu Ala Val Trp Thr

1050

n Trp Asp Val Ser Ala

1065

s Thr Ile Tyr Val Gly

1080

a Ser Leu Pro Lys Ala

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 65

aattgaagga

tgggaacagt

gactggggtc

ggtgttctge

atgaagtcgt

gegaccttee

gggagtggeg

teggetegee

agctgetgta

gettttecat

tcaccattge

aggacctetyg

gagtggccac

ttgccegagy

taaaagttca

cctegeaace

cgecttggea

gattgatgga

caagtcaggc

gcagegttee

aatcgatgat

tggtatccca

gecctatggyg

gtcgactacyg

1095

ggctgtcaac

ctgatgggga

ctctcagatyg

ctagtccage

cccaggagge

getegeaatyg

Val Lys Asn

Val Ser

Phe Glu

Thr Thr

Gln Asp

Asn Ser

Gln

taaccaagga
cgaaccatgg
gegetgetgg
gtteggcace
cgecegeccac

tgtccgecte

60

120

180

240

300

360
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ceggegteca actccccegt caccaatgtt gegtccgacyg atatccgatg caatgtegge 420
acctecgagge ccaccgtcaa gtgcceggte aaggecgget ccacggtcac gatcgagatg 480
caccaggtte gcacgectcet ctgcgtagge cecccageta ctatatggea ctaacacgac 540
ctccagcaac ctggegaccg gtettgegee aacgaggcta teggeggega ccactacgge 600
ccegtaatgg tgtacatgtce caaggtcgat gacgeggtga cagecgacgyg ttcatcggge 660
tggttcaagg tgttccagga cagctgggece aagaaccegt cgggttcegac gggegacgac 720
gactactggyg gcaccaagga cctcaactcg tgctgeggca agatgaacgt caagatcccce 780
gaagacatcyg agccgggcga ctacctgete cgegecgagg ttatcgeget gecacgtggece 840
geecagetegyg geggegegea gttcetacatg tectgetace agetgaccegt gacgggetece 900
ggcagcgeca cccectegac cgtgaattte cecgggegect actceggecag cgaccceggge 960
atcctgatca acatccacgce gcccatgtcecg acctacgteg tcecccgggcecce gaccgtgtac 1020
gegggegget cgaccaagte ggctggcage tectgetceg getgcgagge gacctgcacy 1080
gttggtteeg gecccagege gacactgacg cagcccacct ccaccgegac cgcegacctece 1140
geeectggeyg geggeggcete cggetgcacg geggccaagt accagcagtg cggeggcacce 1200
ggctacactg ggtgcaccac ctgcgctgta agttceccteg tgatatgcag cggaacaccyg 1260
tctggactgt tttgctaact cgcgtcegtag tcecgggtceta cctgcagcecge cgtcectcegect 1320
ccgtactact cgcagtgect ctaagcecggg agcegcttget cagcecgggctg ctgtgaagga 1380
gcteccatgte cccatgecge catggceccegga gtaccggget gagcgcccaa ttcecttgtata 1440
tagttgagtt ttcccaatca tgaatacata tgcatctgca tggactgttg cgtcgtcagt 1500
ctacatcctt tgctccactg aactgtgaga ccccatgtca tccggaccat tcegatceggtg 1560
ctcgctetac catctecggtt gatgggtcectg ggcttgagag tcactggcac gtceccteggeg 1620
gtaatgaaat gtggaggaaa gtgtgagctg tctgacgcac tcecggcgctga tgagacgttg 1680
agcgeggece acactggtgt tctgtaagec agcacacaaa agaatactcce aggatggcce 1740
atagcggcaa atatacagta tcagggatgc aaaaagtgca aaagtaaggg gctcaatcgg 1800
ggatcgaacc cgagacctcg cacatgactt atttcaagtce aggggt 1846

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

D NO 66
H: 326
PRT

<400> SEQUENCE: 66

Met Lys Ser
1

Ala Ala Ala
Tyr Gly Ser
35

Asn Val Ala
50

Thr Val Lys
65

His Gln Gln

Asp His Tyr

Phe Thr Ile Ala Ala
His Ala Thr Phe Gln
20

Gln Cys Val Arg Leu
40

Ser Asp Asp Ile Arg
55

Cys Pro Val Lys Ala
70

Pro Gly Asp Arg Ser
85

Gly Pro Val Met Val
100

Leu

Asp

25

Pro

Cys

Gly

Cys

Tyr
105

Ala

Leu

Ala

Asn

Ser

Ala

90

Met

Ala

Trp

Ser

Val

Thr

75

Asn

Ser

Leu Trp Ala

Ile Asp Gly
30

Asn Ser Pro
45

Gly Thr Ser
60

Val Thr Ile

Glu Ala Ile

Lys Val Asp
110

Gln Glu
15

Val Asp

Val Thr

Arg Pro

Glu Met

80

Gly Gly
95

Asp Ala
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Val Thr Ala
115

Trp Ala Lys
130

Thr Lys Asp
145

Glu Asp Ile

Leu His Val

Tyr Gln Leu

195

Asn Phe Pro
210

Ile His Ala
225

Ala Gly Gly

Ala Thr Cys

Thr Ser Thr

275

Cys Thr Ala
290

Cys Thr Thr
305

Tyr Tyr Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

Asp Gly Ser Ser Gly

120

Asn Pro Ser Gly Ser

135

Leu Asn Ser Cys Cys
150

Glu Pro Gly Asp Tyr

165

Ala Ala Ser Ser Gly

180

Thr Val Thr Gly Ser

200

Gly Ala Tyr Ser Ala

215

Pro Met Ser Thr Tyr
230

Ser Thr Lys Ser Ala

245

Thr Val Gly Ser Gly

260

Ala Thr Ala Thr Ser

280

Ala Lys Tyr Gln Gln

295

Cys Ala Ser Gly Ser
310

Gln Cys Leu

325
D NO 67
H: 880

DNA

<400> SEQUENCE: 67

acccecgggat

cctetecgec

catcggegge

gatccagtac

ctgcaacgge

ggCCgtCtgg

cceceggegac

gggectgtgg

cctecagtygyg

cgagetgete

ggtcegtetee

ctacgegece

ctgtggaaat

acaccccgcece

gctacgaggg

cactgecect

ctegetettyg

aaaacctatc

cagtggeeeg

ggcacctegyg

aagcagtgga

ttetegtegt

ggcaacaacc

agcaacccga

geecctgcace

ggcagcggct

cagaacgacc

cttgctgacy

cggeggecca

gaaggcatct

aggaaccagc

cgecegettgt

ceggctacga

actacaaccc

cagagctcag

cccaccagca

gecacggcega

tcaactcgaa

tcceccaagaa

aggccaacac

cegeectgec

ccggcatcac

atgggctagg

gtctggtety

gttegeatga

Trp

Thr

Gly

Leu

Gly

185

Gly

Ser

Val

Gly

Pro

265

Ala

Cys

Thr

Phe

Gly

Lys

Leu

170

Ala

Ser

Asp

Val

Ser

250

Ser

Pro

Gly

Cys

Lys

Asp

Met

155

Arg

Gln

Ala

Pro

Pro

235

Ser

Ala

Gly

Gly

Ser
315

acacctcggt

ggctggccac

gggetteteyg

gaccctgage

cgegecegte

aggcceegte

cggcaagggc

caactgggge

cctegegeeyg

gecgecagtte

ccegtecgac

cgtgagtggg

ttgacatcta

gettegagtt

gcgtgggtac

Val Phe Gln
125

Asp Asp Tyr
140

Asn Val Lys

Ala Glu Val

Phe Tyr Met

190

Thr Pro Ser
205

Gly Ile Leu
220

Gly Pro Thr

Cys Ser Gly

Thr Leu Thr

270

Gly Gly Gly
285

Thr Gly Tyr
300

Ala Val Ser

ccaatcatge
ggcgeegtga
cctgectega
gtgaccgacce
caggceggeg
atggtctgga
tggttcaaga
accgcgateg
ggcaactacc
tacgccgagt
tacctctaca
ctteegttee
caacggceggy

ttaggcgcat

Asp Ser

Trp Gly

Ile Pro

160

Ile Ala
175

Ser Cys

Thr Val

Ile Asn

Val Tyr
240

Cys Glu
255

Gln Pro

Ser Gly

Thr Gly

Pro Pro
320

ggttcgacge
ccagctacat
gecegecgac
cgaagatgeg
agaacgtgac
tgttcaagty
tcgaccaget
tctacaagac
tcatcecgeca
gegeccaget
gecatcccegt
geggegaget

cttacctect

tgagtcgggg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

880
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<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 68
H: 239
PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 68

Met Arg Phe
1

Gly His Gly
Gly Tyr Glu
35

Gln Trp Pro
50

Arg Cys Asn
65

Gly Glu Asn

Pro Val Met

His Gly Asp

115

Gly Asn Asn
130

Thr Leu Gln
145

Tyr Leu Ile

Gln Phe Tyr

Ala Leu Pro

195

Gln Asn Asp
210

Ser Tyr Thr
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Ala Leu Ser Ala

Ala Val Thr Ser Tyr

Gly Phe Ser Pro Ala

40

Asp Tyr Asn Pro Thr

55

Gly Gly Thr Ser Ala

70

Val Thr Ala Val Trp

85

Val Trp Met Phe Lys

100

Gly Lys Gly Trp Phe

120

Leu Asn Ser Asn Asn

135

Trp Ser Asn Pro Ile
150

Arg His Glu Leu Leu

165

Ala Glu Cys Ala Gln

180

Pro Ser Asp Tyr Leu

200

Pro Gly Ile Thr Val

215

Pro Pro Gly Gly Pro
230

D NO 69
H: 1000
DNA

Leu Ala Leu
10

Ile Ile Gly

Ser Ser Pro

Leu Ser Val

Glu Leu Ser

75

Lys Gln Trp
90

Cys Pro Gly
105

Lys Ile Asp

Trp Gly Thr

Pro Lys Asn

155

Ala Leu His
170

Leu Val Val
185

Tyr Ser Ile

Asp Ile Tyr

Val Trp Ser
235

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 69

cteetgttec

agttggccat

cggcacacgg

ctgattattg

agataccaag

tacaaccceg

accctgaacyg

cacagccagg

gacggctecyg

tgggccaccyg

gettctcaca

cgcegtgace

agggcgeatt

gettttetee

tcttgtegty

ccacggeage

gececcatect

gegetggetg

cttgttgect

tcagtecteg

agctacatca

caaggttcat

tgcgaactcg

cagcgacteg

accgggegac

ggtgtggatg

gttcaagatc

gcactattgg

geteggetge

tcgecggcaa

accggtgtge

ccgaacgtea

aagctteget

accatcaccyg

tacaagtgcc

gacgaggcecg

Ala Pro Leu
Gly Lys Thr
30

Pro Thr Ile
45

Thr Asp Pro
60

Ala Pro Val

Thr His Gln

Asp Phe Ser

110

Gln Leu Gly
125

Ala Ile Val
140

Leu Ala Pro

Gln Ala Asn

Ser Gly Ser
190

Pro Val Tyr
205

Asn Gly Gly
220

Gly Phe Glu

tagagttggt
cctgettget
gaattacccg
atggctgaca
tccaatggea
gecaacggegg
ccatctggge
cgggetectt

gettecacgg

Val Ala
15

Tyr Pro

Gln Tyr

Lys Met

Gln Ala
80

Gln Gly
95

Ser Ser

Leu Trp

Tyr Lys

Gly Asn
160

Thr Pro
175

Gly Ser

Ala Pro

Leu Thr

Phe

ctattgctag
agcggcegcetg
gggtgggtag

accggetgge

atggcatgac
cacgteggec
gcagtggacyg
cagctectgt

cgacggegte

60

120

180

240

300

360

420

480

540
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-continued
aaggtcttee tcgacaccga gaaccegtcec ggetgggaca tegecaaget cgteggegge 600
aacaagcagt ggagcagcaa ggtccccgag ggectcegece ceggcaacta cctegtecge 660
cacgagttga tcgcectgca ccaggccaac aacccgcagt tctacccegga gtgcegeccag 720
gtegtcatca ceggetcecegg caccgegecag ccggatgect catacaaggce ggcetatcccece 780
ggctactgca accagaatga cccgaacatc aaggtgagat ccaggcegtaa tgcagtctac 840
tgctggaaag aaagtggtcc aagctaaacc gegetccagyg tgcccatcaa cgaccactce 900
atccctcaga cctacaagat tcccggecct ceegtcettea agggcaccge cagcaagaag 960
gccegggact tcaccgectg aagttgttga atcgatggag 1000

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 70
H: 258
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 70

Met Leu Leu
1

Ala Ala Ala
Tyr Pro Gly

35
Gln Trp Gln
Lys Leu Arg
65

Ala Pro Gly

Gln Gly Pro

Ser Cys Asp
115

Phe His Gly
130

Gly Trp Asp
145

Lys Val Pro

Leu Ile Ala

Ala Gln Val
195

Tyr Lys Ala
210

Lys Val Pro
225

Gly Pro Pro

Thr Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Ser Val Leu Gly

His Gly Ala Val Thr

20

Tyr Gln Gly Phe Ser

40

Trp His Asp Tyr Asn

55

Cys Asn Gly Gly Thr

70

Asp Thr Ile Thr Ala

85

Ile Leu Val Trp Met

100

Gly Ser Gly Ala Gly

120

Asp Gly Val Lys Val

135

Ile Ala Lys Leu Val
150

Glu Gly Leu Ala Pro

165

Leu His Gln Ala Asn

180

Val Ile Thr Gly Ser

200

Ala Ile Pro Gly Tyr

215

Ile Asn Asp His Ser
230

Val Phe Lys Gly Thr

245
D NO 71
H: 681

DNA

Ser

Ser

25

Pro

Pro

Ser

Ile

Tyr

105

Trp

Phe

Gly

Gly

Asn

185

Gly

Cys

Ile

Ala

Ala

10

Tyr

Ala

Val

Ala

Trp

90

Lys

Phe

Leu

Gly

Asn

170

Pro

Thr

Asn

Pro

Ser
250

Ala

Ile

Asn

Leu

Thr

75

Ala

Cys

Lys

Asp

Asn

155

Tyr

Gln

Ala

Gln

Gln
235

Lys

Leu Leu Ala
Ile Ala Gly
30

Ser Pro Asn
45

Ser Cys Ser

Leu Asn Ala

Gln Trp Thr

Pro Gly Ser
110

Ile Asp Glu
125

Thr Glu Asn
140

Lys Gln Trp

Leu Val Arg

Phe Tyr Pro
190

Gln Pro Asp
205

Asn Asp Pro
220

Thr Tyr Lys

Lys Ala Arg

Ser Gly
15

Lys Asn

Val Ile

Asp Ser

Thr Ala
80

His Ser
95

Phe Ser

Ala Gly

Pro Ser

Ser Ser
160

His Glu
175

Glu Cys

Ala Ser

Asn Ile
Ile Pro
240

Asp Phe
255
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205 206

-continued

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 71

atgctcgcaa acggtgccat cgtcttectg gececgcegece tceggegtcag tggecactac 60
acctggccac gggttaacga cggcgccgac tggcaacagg tccgtaaggce ggacaactgg 120
caggacaacg gctacgtcgg ggatgtcacg tcgccacaga tccgetgttt ccaggcgacce 180
cegteccegg ccccatcegt cctcaacacce acggccggcet cgaccgtgac ctactgggec 240
aaccccgacg tctaccacce cgggcectgtg cagttttaca tggccecgegt gecccgatgge 300
gaggacatca actcgtggaa cggcgacggc gccgtgtggt tcaaggtgta cgaggaccat 360
cctacctttg gegctcaget cacatggcce agcacgggca agagctegtt cgeggttcecce 420
atccecccegt gcatcaagte cggctactac ctectecggg cggagcaaat cggectgcac 480
gtcgcccaga gcgtaggegg agcgcagttce tacatctcat gegceccaget cagegtcacc 540
ggcggcggca gcaccgagcce gccgaacaag gtggecttce ceggegetta cagtgegacg 600
gacccgggca ttctgatcaa catctactac cctgttccca cgtcctacca gaaccccgge 660
ccggeegtet tcagetgetg a 681

<210> SEQ ID NO 72

<211> LENGTH: 226

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 72

Met Leu Ala Asn Gly Ala Ile Val Phe Leu Ala Ala Ala Leu Gly Val
1 5 10 15

Ser Gly His Tyr Thr Trp Pro Arg Val Asn Asp Gly Ala Asp Trp Gln
20 25 30

Gln Val Arg Lys Ala Asp Asn Trp Gln Asp Asn Gly Tyr Val Gly Asp
35 40 45

Val Thr Ser Pro Gln Ile Arg Cys Phe Gln Ala Thr Pro Ser Pro Ala
50 55 60

Pro Ser Val Leu Asn Thr Thr Ala Gly Ser Thr Val Thr Tyr Trp Ala
65 70 75 80

Asn Pro Asp Val Tyr His Pro Gly Pro Val Gln Phe Tyr Met Ala Arg
85 90 95

Val Pro Asp Gly Glu Asp Ile Asn Ser Trp Asn Gly Asp Gly Ala Val
100 105 110

Trp Phe Lys Val Tyr Glu Asp His Pro Thr Phe Gly Ala Gln Leu Thr
115 120 125

Trp Pro Ser Thr Gly Lys Ser Ser Phe Ala Val Pro Ile Pro Pro Cys
130 135 140

Ile Lys Ser Gly Tyr Tyr Leu Leu Arg Ala Glu Gln Ile Gly Leu His
145 150 155 160

Val Ala Gln Ser Val Gly Gly Ala Gln Phe Tyr Ile Ser Cys Ala Gln
165 170 175

Leu Ser Val Thr Gly Gly Gly Ser Thr Glu Pro Pro Asn Lys Val Ala
180 185 190

Phe Pro Gly Ala Tyr Ser Ala Thr Asp Pro Gly Ile Leu Ile Asn Ile
195 200 205

Tyr Tyr Pro Val Pro Thr Ser Tyr Gln Asn Pro Gly Pro Ala Val Phe
210 215 220

Ser Cys
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208

-continued
225
<210> SEQ ID NO 73
<211> LENGTH: 960
<212> TYPE: DNA
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 73
atgaagggac ttttcagtge cgcegeecte teectggeeg teggecagge tteggeccat 60
tacatcttee agcaactcte catcaacggg aaccagttte cggtgtacca atatattege 120
aagaacacca attataacag tccegttacce gatctcacgt cegacgatet teggtgcaat 180
gteggegece agggtgcetgg gacagacace gtcacggtga aggccggega ccagttcacce 240
ttcaccctty acaccectgt ttaccaccag gggcccatet ccatctacat gtcecaaggece 300
cegggegegyg cgtcagacta cgatggecage ggeggetggt tcaagatcaa ggactgggge 360
cecgactttea acgecgacgg cacggecace tgggacatgg ceggetcata cacctacaac 420
atccegaccet gcattecccga cggcgactat ctgcteegea tcecagteget ggecatccac 480
aaccectgge cggegggcat cccgcagtte tacatctect gegeccagat cacegtgace 540
ggcggceggea acggcaacce tggeccgacg geccteatcee ceggegectt caaggacacce 600
gacccggget acacggtgaa catctacacg aacttcecaca actacacggt teeccggecey 660
gaggtctteca getgcaacgyg cggeggcteg aaccegecce cgecggtgag tagcagcacy 720
cecegegacca cgacgetggt cacgtegacyg cgcaccacgt cctecacgte cteegecteg 780
acgceggect cgaceggegg ctgcacegte gecaagtggg gecagtgegyg cggcaacggyg 840
tacaccgget gcacgacctg cgcggeeggyg tccacctgea gcaagcagaa cgactactac 900
tegecagtget tgtaagggag gccgcaaage atgaggtgtt tgaagaggayg gagaggggte 960

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

D NO 74
H: 304
PRT

<400> SEQUENCE: 74

Met Lys Gly
1

Ala Ser Ala
Phe Pro Val
35

Val Thr Asp
50

Gly Ala Gly
65

Phe Thr Leu

Met Ser Lys

Trp Phe Lys

115

Ala Thr Trp
130

Ile Pro Asp
145

Leu Phe Ser Ala Ala

His Tyr Ile Phe Gln

20

Tyr Gln Tyr Ile Arg

40

Leu Thr Ser Asp Asp

Thr Asp Thr Val Thr

70

Asp Thr Pro Val Tyr

85

Ala Pro Gly Ala Ala

100

Ile Lys Asp Trp Gly

120

Asp Met Ala Gly Ser

135

Gly Asp Tyr Leu Leu
150

Ala

Gln

25

Lys

Leu

Val

His

Ser

105

Pro

Tyr

Arg

Leu

10

Leu

Asn

Arg

Lys

Gln

90

Asp

Thr

Thr

Ile

Ser

Ser

Thr

Cys

Ala

75

Gly

Tyr

Phe

Tyr

Gln
155

Leu Ala Val
Ile Asn Gly
30

Asn Tyr Asn
45

Asn Val Gly
60

Gly Asp Gln

Pro Ile Ser

Asp Gly Ser

110

Asn Ala Asp
125

Asn Ile Pro
140

Ser Leu Ala

Gly Gln
15

Asn Gln

Ser Pro

Ala Gln

Phe Thr

80

Ile Tyr

95

Gly Gly

Gly Thr

Thr Cys

Ile His
160



209

US 9,416,

-contin

384 B2

ued

210

Asn Pro Trp

Ile Thr Val

Ile Pro Gly

195

Tyr Thr Asn
210

Cys Asn Gly
225

Pro Ala Thr
Ser Ser Ala
Trp Gly Gln

275
Ala Gly Ser

290

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

Pro Ala Gly Ile Pro

165

Thr Gly Gly Gly Asn

180

Ala Phe Lys Asp Thr

200

Phe His Asn Tyr Thr

215

Gly Gly Ser Asn Pro
230

Thr Thr Leu Val Thr

245

Ser Thr Pro Ala Ser

260

Cys Gly Gly Asn Gly

280

Thr Cys Ser Lys Gln

D NO 75
H: 954
DNA

<400> SEQUENCE: 75

atgaagggcc
cagctegagt
gacggtccca
acgacgcegt
aggcacaccc
ctggectace
ttcaagatcc
aacggtgget
cgegecgaga
gagtgcgege
atccegggea
cegtecagec
aacggeggeyg
acggeggega
tgcaccgtte

geggeggget

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

<400> SEQUE:

tcagecetect

cagggggaac

tcaccgacgt

cccegtacat

tcacatcegyg

tcaagaaggt

aggaggcecgy

tccaatatat

tgatcgeget

agatcaacgt

tctaccagge

agtacaccat

gcagcaacce

cgaccaccte

cccagtggea

acacctgcaa

D NO 76
H: 317
PRT

NCE: 76

295

cgeegetgeg

gacctatcceyg

cacctecgac

catcaacgtce

cccecgacgat

cgatgatgec

ttacgacaat

tgacatccce

ccacgeegec

ggtgggcgge

aaccgaccceg

tcegggtecy

gtecgggceggy

ctecegeeget

gcagtgceggt

gtatctgaac

Gln

Gly

185

Asp

Val

Pro

Ser

Thr

265

Tyr

Asn

Phe

170

Asn

Pro

Pro

Pro

Thr

250

Gly

Thr

Asp

Tyr

Pro

Gly

Gly

Pro

235

Arg

Gly

Gly

Tyr

tcggcagega

gtatcctacyg

tcactggett

accgceggea

gtcatggacyg

ttgaccgaca

ggcaattggg

gectgeatte

agcacgcagg

tceggcageyg

ggcetgetga

ccectgttea

cagaccacga

cctaccagea

ggcatctegt

gactattact

Ile Ser Cys
Gly Pro Thr
190

Tyr Thr Val
205

Pro Glu Val
220

Val Ser Ser

Thr Thr Ser

Cys Thr Val

270

Cys Thr Thr
285

Tyr Ser Gln
300

ctgctceatac
gecatceggga
gcaatggtce
ccacggtege
ccagccacaa
cgggtategyg
ctaccagcac
ccaacggeca
gtggtgccca
ccagcecgea
tcaacatcta
cctgcagegy
cggcgaagece
gecagggggyg
tcaccggety

cgcaatgeca

Ala Gln
175

Ala Leu

Asn Ile

Phe Ser

Ser Thr

240

Ser Thr
255

Ala Lys

Cys Ala

Cys Leu

catcttegty
ccctagetac
cccgaaccce
ggcgatctgg
ggggcegace
cggeggcetgg
ggtgatcacc
gtatctgete
gctctacatg
gacgtacagce
ctccatgacy
cagcggcaac
cacgacgacg
cagcagcggt
caccacctge

gtaa

Met Lys Gly Leu Ser Leu Leu Ala Ala Ala Ser Ala Ala Thr Ala His

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

954
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212

Thr Ile Phe
Tyr Gly Ile
35

Ser Asp Ser
50

Pro Tyr Ile
65

Arg His Thr

Lys Gly Pro

Asp Thr Gly

115

Asp Asn Gly
130

Gln Tyr Ile
145

Arg Ala Glu

Gln Leu Tyr

Ser Ala Ser

195

Asp Pro Gly
210

Tyr Thr Ile
225

Asn Gly Gly

Pro Thr Thr

Ser Ser Gln

275

Cys Gly Gly
290

Thr Cys Lys
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thermoascus

Val Gln Leu Glu Ser

Arg Asp Pro Ser Tyr

40

Leu Ala Cys Asn Gly

55

Ile Asn Val Thr Ala

70

Leu Thr Ser Gly Pro

85

Thr Leu Ala Tyr Leu

100

Ile Gly Gly Gly Trp

120

Asn Trp Ala Thr Ser

135

Asp Ile Pro Ala Cys
150

Met Ile Ala Leu His

165

Met Glu Cys Ala Gln

180

Pro Gln Thr Tyr Ser

200

Leu Leu Ile Asn Ile

215

Pro Gly Pro Pro Leu
230

Gly Ser Asn Pro Ser

245

Thr Thr Ala Ala Thr

260

Gly Gly Ser Ser Gly

280

Ile Ser Phe Thr Gly

295

Tyr Leu Asn Asp Tyr
310

D NO 77
H: 799
DNA

<400> SEQUENCE: 77

atgtcetttt

ggccatgget

acataagcgg

atacatgtcc

tgtggacggt

agccctgact

tgattctcac

ccaagataat

tcgttcagaa

caacagctga

aatcctecag

actggatacc

gcetecagtet

catggcccag

tgctactgee

catcgtgatt

caatcgacag

aggtcatcge

aaaccccaga

ctccaggagyg

ttatcaacta

Gly

Asp

Pro

Gly

Asp

Lys

105

Phe

Thr

Ile

Ala

Ile

185

Ile

Tyr

Phe

Gly

Thr

265

Cys

Cys

Tyr

Gly

Gly

Pro

Thr

Asp

Lys

Lys

Val

Pro

Ala

170

Asn

Pro

Ser

Thr

Gly

250

Thr

Thr

Thr

Ser

aurantiacus

Thr

Pro

Asn

Thr

75

Val

Val

Ile

Ile

Asn

155

Ser

Val

Gly

Met

Cys

235

Gln

Ser

Val

Thr

Gln
315

ggegttetty

gatggtaaaa

ttatggcggg

ctggtctact

tatcatctge

aactgttgag

ccttgeteeyg

Thr Tyr Pro
30

Ile Thr Asp
45

Pro Thr Thr
60

Val Ala Ala

Met Asp Ala

Asp Asp Ala

110

Gln Glu Ala
125

Thr Asn Gly
140

Gly Gln Tyr

Thr Gln Gly

Val Gly Gly
190

Ile Tyr Gln
205

Thr Pro Ser
220

Ser Gly Ser

Thr Thr Thr

Ser Ala Ala
270

Pro Gln Trp
285

Cys Ala Ala
300

Cys Gln

cctetgette
agtatgtcat
tatctagtga
acggcaactyg
cataggggcyg
cttcaatgga

tgcaatggty

Val Ser

Val Thr

Pro Ser

Ile Trp
80

Ser His
95

Leu Thr

Gly Tyr

Gly Phe

Leu Leu
160

Gly Ala
175

Ser Gly

Ala Thr

Ser Gln

Gly Asn
240

Ala Lys
255

Pro Thr

Gln Gln

Gly Tyr

tctagtgget
tgcaagacgce
accagtatcc
atcttggatt
ccaagectygyg
ctccatggee

attgttccac

60

120

180

240

300

360

420
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214

tgtggataag
caatcctect
caccattcca
tcactcaget
cactggaggt
cgatcectgga
tectetgtat
<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN
<400> SEQUE:

Met Ser Phe
1

Ser Leu Val
Lys Tyr Tyr
35

Pro Pro Glu
50

Val Asp Gly
65

Ala Lys Pro

Glu Leu Gln

Asn Tyr Leu

115

Gln Leu Glu
130

Asn Pro Pro
145

Ser Trp Thr

Leu Arg His

Ala Gln Asn

195

Ser Asp Asn
210

Asp Pro Gly
225

Ile Pro Gly
245

<210> SEQ I
<211> LENGT.
<212> TYPE:

acccaattag aattcttcaa

gggatctggg cttcagacaa

accacaattyg cacctggaaa

cagaaccagyg atggtgccca

ggttctgata accctgetgg

attctgatca acatctatca

actggttaa

D NO 78
H: 249
PRT

ISM: Thermoascus

NCE: 78

Ser Lys Ile
5

Ala Gly His
20

Gly Gly Tyr

Val Ile Ala

Thr Gly Tyr

70

Gly Ala Leu
85

Trp Thr Pro
100

Ala Pro Cys

Phe Phe Lys

Gly Ile Trp

150

Val Thr Ile
165

Glu Ile Ile
180

Tyr Pro Gln

Pro Ala Gly

Ile Leu Ile
230

Pro Pro Leu

D NO 79
H: 1172
DNA

Ile

Gly

Leu

Trp

55

Gln

Thr

Trp

Asn

Ile

135

Ala

Pro

Ala

Cys

Thr

215

Asn

Tyr

<213> ORGANISM: Trichoderma

<400> SEQUENCE: 79

aattgccgag

tctgatagea

ctatgttetg

gaactatcce

aactcttgga

gaaactttce

aurantiacus

Ala

Phe

Val

40

Ser

Thr

Ala

Pro

Gly

120

Ala

Ser

Thr

Leu

Ile

200

Leu

Ile

Thr

Thr

Val

25

Asn

Thr

Pro

Pro

Asp

105

Asp

Glu

Asp

Thr

His

185

Asn

Gly

Tyr

Gly

reeseil

Ala

10

Gln

Gln

Thr

Asp

Val

90

Ser

Cys

Ser

Asn

Ile

170

Ser

Leu

Thr

Gln

Gly

Asn

Tyr

Ala

Ile

Ser

His

Ser

Gly

Leu

155

Ala

Ala

Gln

Ala

Lys
235

agcggtctca
gccaacaaca
aggcatgaga
cagtgcatca
acggcactct

agctatatca

Val Leu Ala
Ile Val Ile
30

Pro Tyr Met
45

Thr Asp Leu
60

Ile Cys His

Pro Gly Gly

His Gly Pro

110

Thr Val Asp
125

Leu Ile Asn
140

Ile Ala Ala

Pro Gly Asn

Gln Asn Gln
190

Val Thr Gly
205

Leu Tyr His
220

Leu Ser Ser

tcaatgatga
getggactgt
ttattgetet
atctgcaggt
accacgatac

tcecectggtec

Ser Ala

15

Asp Gly

Ser Asn

Gly Phe

Arg Gly

Thr Val

95

Val Ile

Lys Thr

Asp Asp

Asn Asn

160

Tyr Val

175

Asp Gly

Gly Gly

Asp Thr

Tyr Ile
240

ggatctaage cccatcgata tgaagtcctyg cgccattett geageccttyg getgtettge

480

540

600

660

720

780

799

60
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-continued
cgggagegtt ctceggecatg gacaagtcca aaacttcacyg atcaatggac aatacaatca 120
gggtttcatt ctcgattact actatcagaa gcagaatact ggtcacttcc ccaacgttge 180
tggctggtac gccgaggacce tagacctggg cttcatctece cctgaccaat acaccacgcece 240
cgacattgte tgtcacaaga acgcggeccce aggtgccatt tetgecactyg cageggecgg 300
cagcaacatc gtcttceccaat ggggcectgg cgtetggect caccectacyg gtcccatcegt 360
tacctacgtg gctgagtgca gcggategtg cacgaccgtyg aacaagaaca acctgegcetg 420
ggtcaagatt caggaggccg gcatcaacta taacacccaa gtctgggege agcaggatcet 480
gatcaaccag ggcaacaagt ggactgtgaa gatccegteg agectcaggce ccggaaacta 540
tgtcttceege catgaactte ttgctgecca tggtgcectet agtgcgaacyg gcatgcagaa 600
ctatcctcag tgcgtgaaca tcgccgtcac aggeteggge acgaaagcege tccctgecgg 660
aactcctgca actcagetct acaagcccac tgaccctgge atcttgttca acccttacac 720
aacaatcacg agctacacca tccctggecce agecctgtgg caaggctaga tccaggggta 780
cggtgttgge gttegtgaag tcggagetgt tgacaaggat atctgatgat gaacggagag 840
gactgatggyg cgtgactgag tgtatatatt tttgatgacc aaattgtata cgaaatccga 900
acgcatggtg atcattgttt atccctgtag tatattgtet ccaggctget aagagcccac 960
cgggtgtatt acggcaacaa agtcaggaat ttgggtggca atgaacgcag gtctccatga 1020
atgtatatgt gaagaggcat cggctggcat gggcattacc agatataggc cctgtgaaac 1080
atatagtact tgaacgtgct actggaacgg atcataagca agtcatcaac atgtgaaaaa 1140
acactacatg taaaaaaaaa aaaaaaaaaa aa 1172

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 80
H: 249
PRT

ISM: Trichoderma rees

<400> SEQUENCE: 80

Met Lys Ser
1

Val Leu Gly
Asn Gln Gly
35

His Phe Pro
50

Phe Ile Ser
65

Asn Ala Ala

Ile Val Phe

Ile Val Thr

115

Lys Asn Asn
130

Asn Thr Gln
145

Trp Thr Val

Cys Ala Ile Leu Ala

His Gly Gln Val Gln

20

Phe Ile Leu Asp Tyr

40

Asn Val Ala Gly Trp

55

Pro Asp Gln Tyr Thr

70

Pro Gly Ala Ile Ser

85

Gln Trp Gly Pro Gly

100

Tyr Val Val Glu Cys

120

Leu Arg Trp Val Lys

135

Val Trp Ala Gln Gln
150

Lys Ile Pro Ser Ser

165

ei

Ala

Asn

25

Tyr

Tyr

Thr

Ala

Val

105

Ser

Ile

Asp

Leu

Leu

10

Phe

Tyr

Ala

Pro

Thr

90

Trp

Gly

Gln

Leu

Arg
170

Gly

Thr

Gln

Glu

Asp

Ala

Pro

Ser

Glu

Ile

155

Pro

Cys Leu Ala

Ile Asn Gly
30

Lys Gln Asn
45

Asp Leu Asp
60

Ile Val Cys

Ala Ala Gly

His Pro Tyr
110

Cys Thr Thr
125

Ala Gly Ile
140

Asn Gln Gly

Gly Asn Tyr

Gly Ser

Gln Tyr

Thr Gly

Leu Gly

His Lys

80

Ser Asn
95

Gly Pro

Val Asn

Asn Tyr

Asn Lys

160

Val Phe
175
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218

Arg His Glu
Gln Asn Tyr
195

Lys Ala Leu
210

Asp Pro Gly
225

Ile Pro Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Leu Ala Ala His

180

Pro Gln Cys Val Asn

200

Pro Ala Gly Thr Pro

215

Ile Leu Phe Asn Pro
230

Pro Ala Leu Trp Gln

245
D NO 81
H: 924

DNA

Gly

185

Ile

Ala

Tyr

Gly

Ala

Ala

Thr

Thr

Ser

Val

Gln

Thr
235

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 81

atgaagttca

tcgacccteg

tagtagcege

tggcgagtgg

tgtcaccage

ccaggtcaag

cecctetecag

cacgggagec

cattacctgg

tttatttttt

gaacaacact

atccccaget

agcgccagea

ggngCtCCg

accgaccegg

ggcceggece

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

cctegtecct
aacccaacac
tgacaacgac
gaggtggtce
cccgagatga
gegggetece
ttctacatgg
gtgtggttca
cccagegecg
tttetttegg
aaaactctte
gcatcgatga
gegtgggegy
gcaccctcaa
gecatcctett
cegtetettyg
D NO 82

H: 232
PRT

cgctgtectyg

cceecteccee

tagatacctt

gecatgaccga

cctgetatca

aattcacctt

ctaaggtgec

agatctacca

gttegtgact

aactcaagaa

cttactgtat

tggcgagtac

cgctcagtte

cacgggcteg

ccagctcetac

ctaa

geegetgecy

ccttttetec

ccctagggec

gaaccattac

gtCngCgtg

cagcgtggat

gtcgggccag

agacggcecg

tcctececcac

tctttctcete

taattaggca

ctgctecggy

tacattgect

ctegtetece

tggcccatee

ISM: Myceliophthora thermophila

<400> SEQUENCE: 82

Met Lys Phe
1

Ala His Tyr
Glu Trp Glu
35

Val Thr Asp
50

Gln Gly Ala
65

Thr Ser Ser Leu Ala

Thr Phe Pro Arg Ala

20

Val Val Arg Met Thr

40

Val Thr Ser Pro Glu

55

Pro Gln Thr Val Gln

70

Val

Gly

25

Glu

Met

Val

Leu

10

Thr

Asn

Thr

Lys

Ala

Gly

His

Cys

Ala
75

Ser Ala Asn
190

Thr Gly Ser
205

Leu Tyr Lys
220

Ile Thr Ser

gegeccagge
tccatctect
ggcactggtg
tcgcacggece
cagggtgcege
ccctegateg
acggcegeca
aacggecteg
tcgetttttt
tctetecegt
aaaccgaggt
tcgagcacat
gegeccaget
tgcceggege

cgaccgagta

Ala Ala Gly
Gly Ser Leu
30

Tyr Ser His
45

Tyr Gln Ser
60

Gly Ser Gln

Gly Met

Gly Thr

Pro Thr

Tyr Thr
240

tcactgttag
cggecteact
getegetete
cggtcaccga
cccagacegt
gecacceegg
cctttgacgy
gcaccgacag
ttttttattt
ctttggectt
ctcggtcace
cgegetecac
ctcegteace
ctacaaggcc

catcaaccce

Ala Gln

15

Ser Gly

Gly Pro

Gly Val

Phe Thr
80

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

924
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220

Phe Ser Val

Met Ala Lys

Gly Ala Val

115

Thr Asp Ser
130

Thr Ile Pro
145

His Ile Ala

Ile Ala Cys

Thr Gly Ser

195

Gly Ile Leu
210

Pro Gly Pro
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Pro Ser Ile Gly

85

Val Pro Ser Gly Gln

100

Trp Phe Lys Ile Tyr

120

Ile Thr Trp Pro Ser

135

Ser Cys Ile Asp Asp
150

Leu His Ser Ala Ser

165

Ala Gln Leu Ser Val

180

Leu Val Ser Leu Pro

200

Phe Gln Leu Tyr Trp

215

Ala Pro Val Ser Cys
230

D NO 83
H: 854
DNA

His

Thr

105

Gln

Ala

Gly

Ser

Thr

185

Gly

Pro

Pro

90

Ala

Asp

Gly

Glu

Val

170

Gly

Ala

Ile

Gly

Ala

Gly

Lys

Tyr

155

Gly

Gly

Tyr

Pro

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 83

atgaaggccc
cagctegaag
gacggcccca
acgacccect
aggcacaccc
ctggectace
ttcaagattc
aacggeggeyg
tctegetgac
tcegegecga
taagcctetyg
actccgacta
geteggtgee
tccteatcaa

tcttcaagtyg

<210> SEQ I

<211> LENGT.
<212> TYPE:

tctetetect
cagacggcac
tcaccgacgt
ccagcgacgt
tccaatcegyg
tcaagaaggt
aggaggacgg
agcactacat
ccgtgeaaca
gatgatcgee
cectteccee
acaccgttge
cagctegace

catctattcc

ctag

D NO 84

H: 235
PRT

tgcggetgee
gaggtacccyg
cacatccaac
catcaccgte
cceggacgat
cggegatgec
ctacaacaac
gtgagccatt
agtgacatcc
ctccacgegy
cttectettyg
cagatggaat
gtcagettee

atgtcgeect

tcggcagtet

gtctegtacy

gacgttgett

accgcgggea

gtcatggacyg

accaaggact

ggccagtggg

cctecgagag

cggectgeat

cegggteccee

atcgaatcgg

gtgcccagat

ceggegegta

cgagctegta

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 84

Pro Leu Gln
Thr Phe Asp
110

Pro Asn Gly
125

Thr Glu Val
140

Leu Leu Arg

Gly Ala Gln

Ser Gly Thr

190

Lys Ala Thr
205

Thr Glu Tyr
220

ctgecgeatac
ggatceggga

gcaacggcgyg

ccacggtcaa
ccagccacaa
cgggegtegg
gcaccagcac
aagaccaaga
ccecegagggt
cggeggtgece
actgccecace
caacatcgtce
cagccccaac

caccatceeg

Phe Tyr
95

Gly Thr

Leu Gly

Ser Val

Val Glu

160

Phe Tyr
175

Leu Asn

Asp Pro

Ile Asn

catcttegte
cccaagetac
gecgaacceeg
ggccatctgg
gggccegace
cggtggetgg
cgttatctee
ctcttgacga
cagtacctce
cagctcetacy
ccecttttey
ggcggeteeg
gaccegggte

ggceegeceg

Met Lys Ala Leu Ser Leu Leu Ala Ala Ala Ser Ala Val Ser Ala His

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

854
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222

Thr Ile Phe
Tyr Gly Ile
35

Ser Asn Asp
50

Ser Asp Val
65

Arg His Thr

Lys Gly Pro

Asp Ser Gly

115

Asn Asn Gly
130

His Tyr Ile
145

Arg Ala Glu

Gln Leu Tyr

Ser Val Pro

195

Asp Pro Gly
210

Tyr Thr Ile
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Gln Leu Glu Ala

Arg Asp Pro Ser Tyr

40

Val Ala Cys Asn Gly

55

Ile Thr Val Thr Ala

70

Leu Gln Ser Gly Pro

85

Thr Leu Ala Tyr Leu

100

Val Gly Gly Gly Trp

120

Gln Trp Gly Thr Ser

135

Asp Ile Pro Ala Cys
150

Met Ile Ala Leu His

165

Met Glu Cys Ala Gln

180

Ser Ser Thr Val Ser

200

Leu Leu Ile Asn Ile

215

Pro Gly Pro Pro Val
230

D NO 85
H: 1242
DNA

Asp

Asp

Gly

Gly

Asp

Lys

105

Phe

Thr

Ile

Ala

Ile

185

Phe

Tyr

Phe

Gly

Gly

Pro

Thr

Asp

Lys

Lys

Val

Pro

Ala

170

Asn

Pro

Ser

Lys

Thr

Pro

Asn

Thr

75

Val

Val

Ile

Ile

Glu

155

Gly

Ile

Gly

Met

Cys
235

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 85

atgaagtcct

accttecagyg

gegtccaact

tegecegete

caggtacgtt

aaagaaaaag

aagaaagtgg

agcaacccgg

tcatggtgta

tcaaggtgtt

actggggcac

acctgeecte

gcgeceggegy

gegecagece

tcgtcaacat

tegeccteac

cectetgggt

cceceggteac

ggggcaagtg

ggatgaatga

aaaaagaaat

aaaccgtcag

tgaccggteg

catgtccaag

c¢gaggacgge

caaggacctyg

gggcgactac

cgcccagtte

geccaccgte

ccacgececyg

cactctggec
cgacggegte
cgacgtgacce
cceggteaag

aaggggaaag

ggaaaagaaa

actaactggg

tgcagcageg

gtgtcggacg

tgggccaaga

aactcgtget

ctgcteegygy

tacatgacgt

tccttecegy

ctgtecegget

geecetggecy

gactacggcyg

tccaacgega

geeggetega

gaagcagagyg

aagaaatgga

getectecee

aggcgatcgg

ngCgthgC

accegteegyg

gcgggaagat

ccgaggecect

gctaccaget

gegectacaa

acaccgtgec

Arg Tyr Pro
30

Ile Thr Asp
45

Pro Thr Thr
60

Val Lys Ala

Met Asp Ala

Gly Asp Ala

110

Gln Glu Asp
125

Ser Asn Gly
140

Gly Gln Tyr

Ser Pro Gly

Val Gly Gly
190

Ala Tyr Ser
205

Ser Pro Ser
220

gcaacgccge
cgcagtgtge
tcecgetgeaa

CCgttangt
cagaagggga
aaagaaaaag
cccaccecte
cggggegeac
ggacgggteg

cgggtcggge

gaacgtcaag
cgegetgeac
caccgtgacy
ggccaccgac

cggeceggece

Val Ser

Val Thr

Pro Ser

Ile Trp
80

Ser His
95

Thr Lys

Gly Tyr

Gly Glu

Leu Leu
160

Gly Ala
175

Ser Gly

Pro Asn

Ser Ser

cgctcacgeyg
cegtetgece
cgccaacccyg
cgagatgcat
aggcgaaggg
aaaaatgaaa
ctttgatatc
tacggcceceyg
tcgggetggt
gacgacgact
atcccegecey
acggegggea
ggctceggea
cegggeatee

gtctactceg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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223 224

-continued

geggcetcecac caagaaggcece ggcagegect gecaccggetg cgagtcecacce tgegecgteg 960
gcteeggeee caccgecace gtcteccagt cgccceggtte caccgecacce tecgeccecy 1020
geggeggegy cggetgcace gtccagaagt accagcagtg cggceggegag ggctacaccg 1080
gctgcaccaa ctgcgecggta cgtttttcaa ccccecgttttt ttttttectt ccctacctta 1140
tttggttacc taattaatta ctttccggct gctgactttt tgctttagte cggctctacce 1200
tgcagcgeeg tcectegecgee ctactactceg cagtgcecgtet aa 1242
<210> SEQ ID NO 86

<211> LENGTH: 323

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 86

Met Lys Ser Phe Ala Leu Thr Thr Leu Ala Ala Leu Ala Gly Asn Ala
1 5 10 15

Ala Ala His Ala Thr Phe Gln Ala Leu Trp Val Asp Gly Val Asp Tyr
Gly Ala Gln Cys Ala Arg Leu Pro Ala Ser Asn Ser Pro Val Thr Asp
35 40 45

Val Thr Ser Asn Ala Ile Arg Cys Asn Ala Asn Pro Ser Pro Ala Arg
50 55 60

Gly Lys Cys Pro Val Lys Ala Gly Ser Thr Val Thr Val Glu Met His
65 70 75 80

Gln Gln Pro Gly Asp Arg Ser Cys Ser Ser Glu Ala Ile Gly Gly Ala
His Tyr Gly Pro Val Met Val Tyr Met Ser Lys Val Ser Asp Ala Ala
100 105 110

Ser Ala Asp Gly Ser Ser Gly Trp Phe Lys Val Phe Glu Asp Gly Trp
115 120 125

Ala Lys Asn Pro Ser Gly Gly Ser Gly Asp Asp Asp Tyr Trp Gly Thr
130 135 140

Lys Asp Leu Asn Ser Cys Cys Gly Lys Met Asn Val Lys Ile Pro Ala
145 150 155 160

Asp Leu Pro Ser Gly Asp Tyr Leu Leu Arg Ala Glu Ala Leu Ala Leu
165 170 175

His Thr Ala Gly Ser Ala Gly Gly Ala Gln Phe Tyr Met Thr Cys Tyr
180 185 190

Gln Leu Thr Val Thr Gly Ser Gly Ser Ala Ser Pro Pro Thr Val Ser
195 200 205

Phe Pro Gly Ala Tyr Lys Ala Thr Asp Pro Gly Ile Leu Val Asn Ile
210 215 220

His Ala Pro Leu Ser Gly Tyr Thr Val Pro Gly Pro Ala Val Tyr Ser
225 230 235 240

Gly Gly Ser Thr Lys Lys Ala Gly Ser Ala Cys Thr Gly Cys Glu Ser
245 250 255

Thr Cys Ala Val Gly Ser Gly Pro Thr Ala Thr Val Ser Gln Ser Pro
260 265 270

Gly Ser Thr Ala Thr Ser Ala Pro Gly Gly Gly Gly Gly Cys Thr Val
275 280 285

Gln Lys Tyr Gln Gln Cys Gly Gly Glu Gly Tyr Thr Gly Cys Thr Asn
290 295 300

Cys Ala Ser Gly Ser Thr Cys Ser Ala Val Ser Pro Pro Tyr Tyr Ser
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226

-continued
305 310 315 320
Gln Cys Val
<210> SEQ ID NO 87
<211> LENGTH: 1253
<212> TYPE: DNA
<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 87
atgaagcctt ttagectegt cgccctggeg accgecgtga geggecatge catcttecag 60
cgggtgtegyg tcaacgggca ggaccagggce cagctcaagyg gggtgcggge gcecgtcgage 120
aactccccga tccagaacgt caacgatgec aacatggect gcaacgccaa cattgtgtac 180
cacgacagca ccatcatcaa ggtgccegeg ggageccgeyg teggegegtyg gtggcagcac 240
gtecatcggeyg ggecgcaggg cgccaacgac ccggacaacce cgatcgegge cteccacaag 300
ggtatgatga tcgatgatge ctctetette cccegttett gatggacagg cgatggetec 360
caggaacacg cgtgactgac caccgaatcc aggccccate caggtctacce tggccaaggt 420
ggacaacgcyg gcgacggcegt cgcegteggg cctcaggtgg ttcaaggtgg cecgagcegegy 480
cctgaacaac ggcegtgtggg ccgtcgatga getcatcgece aacaacgget ggcactactt 540
cgacctgeeg tegtgegtgg cccccggeca gtacctgatyg cgegtegage tgctegecct 600
gcacagcgee tcaagcccceg gceggegecca gttcetacatg ggetgegecac agatcgaagyg 660
tgcgtcecgate tttgttctece tteccgtgtcee tcetetgatcece tttcetectett ctttttettt 720
cttttactee ctttecttee atctteggag aagcaacgaa gggggaaagyg gatagaagag 780
aggaatgaga gacgacgaaa gagaggattg gggaaagaca agacagggaa aaaaagacaa 840
gaaaaaaaaa aaaaaaaaaa aacagagtga gctaacaaga acaatcagtc actggctcecg 900
gcaccaacte gggctccgac tttgtetegt tecceggege ctacteggece aacgatcegyg 960
gecatcttget aagcatctac gacagcetcegg gcaagceccac caacggeggg cgcetcegtacce 1020
cgatcccegg cccgegecce atctectget ceggcagegyg cgacggcegge aacaacggceg 1080
geggeggega cgacaacaac aataacaacg gtggtggcaa caacggeggce ggeggceggeg 1140
gcagcgteee cctgtacggg cagtgeggeg gcatcggeta cacgggeccg accacctgtg 1200
cccagggaac ttgcaaggtg tcgaacgaat actacagcca gtgcctcccece tag 1253

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 88
H: 310
PRT

ISM: Myceliophthora thermophila

<400> SEQUENCE: 88

Met Lys Pro
1

Ala Ile Phe
Lys Gly Val
35

Asp Ala Asn
50

Ile Ile Lys
65

Val Ile Gly

Phe Ser Leu Val Ala

Gln Arg Val Ser Val

20

Arg Ala Pro Ser Ser

40

Met Ala Cys Asn Ala

55

Val Pro Ala Gly Ala

70

Gly Pro Gln Gly Ala

85

Leu

Asn

25

Asn

Asn

Arg

Asn

Ala

10

Gly

Ser

Ile

Val

Asp
90

Thr

Gln

Pro

Val

Gly

75

Pro

Ala Val Ser

Asp Gln Gly
30

Ile Gln Asn
45

Tyr His Asp
60

Ala Trp Trp

Asp Asn Pro

Gly His
15

Gln Leu

Val Asn

Ser Thr

Gln His

80

Ile Ala
95
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228

Ala Ser His
Ala Ala Thr
115

Arg Gly Leu
130

Asn Gly Trp
145

Tyr Leu Met

Gly Gly Ala

Ser Gly Thr

195

Ser Ala Asn
210

Lys Pro Thr
225

Ile Ser Cys

Asp Asp Asn

Gly Gly Ser

275

Gly Pro Thr
290

Tyr Ser Gln
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Gly Pro Ile Gln

100

Ala Ser Pro Ser Gly

120

Asn Asn Gly Val Trp

135

His Tyr Phe Asp Leu
150

Arg Val Glu Leu Leu

165

Gln Phe Tyr Met Gly

180

Asn Ser Gly Ser Asp

200

Asp Pro Gly Ile Leu

215

Asn Gly Gly Arg Ser
230

Ser Gly Ser Gly Asp

245

Asn Asn Asn Asn Gly

260

Val Pro Leu Tyr Gly

280

Thr Cys Ala Gln Gly

295

Cys Leu Pro
310

D NO 89
H: 814
DNA

Val

105

Leu

Ala

Pro

Ala

Cys

185

Phe

Leu

Tyr

Gly

Gly

265

Gln

Thr

Tyr

Arg

Val

Ser

Leu

170

Ala

Val

Ser

Pro

Gly

250

Gly

Cys

Cys

Leu

Trp

Asp

Cys

155

His

Gln

Ser

Ile

Ile

235

Asn

Asn

Gly

Lys

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 89

atgaagctct

ttccagaagyg

aacaacaaca

tcgacgtega

catgtcatcg

aagggccccg

ggcctgaagt

gacggagcte

caagacctgg

gcagtgcatce

ctactctecag

cggetectte

cggtatcetyg

cactgeeect

ccctettete

tcteegteaa

accecegtgea

acactatcat

geggtgecca

tcatggecta

ggtatgtatt

getteteegt

ggtgtcgaca

gecgacggcea

ggccaggete

acaccgeegt

atcaacatct

gggcccgcegce

cgtectggec

cggagcggac

ggatgtcaac

cgaggtcaag

gttccccaac

cctegecaag

ccegeggece

ataggttcaa

acctcatcaa

actacctcct

agttctacca

cgactgtcag

acggcgecac

ccatctectyg

actgcectca

cagggctece

agccaggaca

geeggegata

gacccagaca

gttgacaatg

gagggacatc

gatttgggag

taacaacggc

cegegtegag

gtcetgegee

cttecegggt

cggecagecc

ctga

Ala Lys Val
110

Phe Lys Val
125

Glu Leu Ile
140

Val Ala Pro

Ser Ala Ser

Ile Glu Val

190

Phe Pro Gly
205

Tyr Asp Ser
220

Pro Gly Pro

Asn Gly Gly

Asn Gly Gly
270

Gly Ile Gly
285

Val Ser Asn
300

cegtegaggy
tcaccggect
tgatctgegy
ggatcggtge
acccgattge
ccgcaaccge
gggttgggea
gataccttta
tgggtgtact
gtcetegete
cagatcaacg
gectacageg

gacaacaacg

Asp Asn

Ala Glu

Ala Asn

Gly Gln
160

Ser Pro
175

Thr Gly

Ala Tyr

Ser Gly

Arg Pro
240

Gly Gly
255

Gly Gly

Tyr Thr

Glu Tyr

gecatgccate
cegegetecee
ccagteggga
ctggtatcag
caagtcgcac
cagcaagacg
agtcgagact
atcccagcac
tcaacctece
tgcactecgge
tatccggegy
ccagcgacce

gecagecgta

60

120

180

240

300

360

420

480

540

600

660

720

780

814
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<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 90
H: 246
PRT

ISM: Myceliophthora thermophila

<400> SEQUENCE: 90

Met Lys Leu
1

Gly His Ala
Ser Leu Thr
35

Val Asn Ser
50

Thr Ile Ile

His Val Ile

Ala Lys Ser

Asn Ala Ala

115

Glu Asp Thr
130

Ile Asn Asn
145

Asp Gly Asn

Tyr Ser Gln

Val Ser Gly

195

Gly Ala Tyr
210

Ala Thr Gly
225

Pro Ala Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Leu Phe Ser Val

Ile Phe Gln Lys Val

Gly Leu Arg Ala Pro

40

Gln Asp Met Ile Cys

55

Glu Val Lys Ala Gly

70

Gly Gly Ala Gln Phe

His Lys Gly Pro Val

100

Thr Ala Ser Lys Thr

120

Phe Asn Pro Ser Thr

135

Asn Gly Trp Val Tyr
150

Tyr Leu Leu Arg Val

165

Gly Gln Ala Gln Phe

180

Gly Gly Ser Phe Thr

200

Ser Ala Ser Asp Pro

215

Gln Pro Asp Asn Asn
230

Ile Ser Cys

245
D NO 91
H: 1115

DNA

Leu

Ser

25

Asn

Gly

Asp

Pro

Met

105

Gly

Lys

Phe

Glu

Tyr

185

Pro

Gly

Gly

Ala

10

Val

Asn

Gln

Arg

Asn

90

Ala

Leu

Thr

Asn

Val

170

Gln

Pro

Ile

Gln

<213> ORGANISM: Thermoascus aurantiacus

<400> SEQUENCE: 91

atgtcgttet

gctcacggtt

agatccgeat

cctacatgte

tegtggatce

gtgccctgag

ctgagagtca

ctgtcgacaa

cgaagattge

atgttacagg

tgctgtacta

gacaccgecyg

cagtagctat

cgccaaggty

caagggcccg

gaccaaacta

tgcgatcacc

aatcgtagec

acaattagca

gatgtcatcg

gettegtety

gctgctggag

gtcattgact

gagttcttca

Thr

Asn

Asn

Ser

Ile

75

Asp

Tyr

Lys

Trp

Leu

155

Leu

Ser

Ser

Leu

Pro
235

ggggccatta

gatggcacct

gectacggggy

cctggtetac

atattatctg

ggaccgtcega

acctegeege

agattgatga

Ala Leu Thr

Gly Ala Asp

Asn Pro Val
45

Gly Ser Thr
60

Gly Ala Trp

Pro Asp Asn

Leu Ala Lys
110

Trp Phe Lys
125

Gly Val Asp
140

Pro Gln Cys

Ala Leu His

Cys Ala Gln
190

Thr Val Ser
205

Ile Asn Ile
220

Tyr Thr Ala

cctatgegte
agtatgtaac
ctatatcgtyg
caaagcaact
ccacaagggt
getgcagtgg
ctgtaacggyg

gagtggccta

Val Glu
15

Gln Gly

Gln Asp

Ser Asn

Tyr Gln
80

Pro Ile
95

Val Asp

Ile Trp

Asn Leu

Ile Ala
160

Ser Ala
175

Ile Asn

Phe Pro

Tyr Gly

Pro Gly
240

tctggecgee
gctcatgeca
acccaatacc
gatcttggtt
getgagectyg
acggattgge
gactgctega

attgacggca

60

120

180

240

300

360

420

480
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gcagcgecee aggcacatgg gcoctctgaca acttgattge caataacaac agctggaccg 540
tcaccatcce gagcacgatt gectcceggea actatgtect gagacatgaa atcattgcce 600
tccactcege cggaaataca aatggtgetce agaactacce ccagtgtatce aaccttgagg 660
tcacaggcag tggcaccgac acccctgecg geaccctegyg aacggagcett tataaggcaa 720
cggaccctgg cattectggtce aacatctacce agaccctgac cagctacgat attcccggece 780
ctgctetgta caccggtggt agectctggta getetggtte ctecaacacce gccaaggcca 840
ccacttcgac ggcttctage tctatcgtga ceccgacgece tgttaacaac ccaaccgtta 900
ctcagactge cgttgttgat gtcacccaga ctgtttccca gaatgctgece gtcegecacca 960
cgactcegge ctccactgca gttgctacag ctgtcccaac gggaaccacce tttagetttg 1020
attcgatgac ctcggatgaa ttcecgtcagce tgatgcgtge gaccgtgaat tggectgettt 1080
ctaacaagaa gcatgcccgg gatctttctt actaa 1115

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 92
H: 354
PRT

ISM: Thermoascus

<400> SEQUENCE: 92

Met Ser Phe
1

Ser Leu Ala
Thr Tyr Tyr
35

Pro Pro Asp
50

Val Asp Pro
65

Ala Glu Pro

Glu Leu Gln

Asp Tyr Leu
115

Lys Leu Glu
130

Ser Ala Pro
145

Ser Trp Thr

Leu Arg His
Ala Gln Asn
195

Thr Asp Thr
210

Asp Pro Gly
225

Ile Pro Gly

Ser Lys Ile Ala Ala

5

Ala Ala His Gly Tyr

Gly Gly Tyr Ile Val

40

Val Ile Ala Trp Ser

55

Ser Ser Tyr Ala Ser

70

Gly Ala Leu Ser Ala

85

Trp Thr Asp Trp Pro

100

Ala Ala Cys Asn Gly

120

Phe Phe Lys Ile Asp

135

Gly Thr Trp Ala Ser
150

Val Thr Ile Pro Ser

165

Glu Ile Ile Ala Leu

180

Tyr Pro Gln Cys Ile

200

Pro Ala Gly Thr Leu

215

Ile Leu Val Asn Ile
230

Pro Ala Leu Tyr Thr

245

Ile

Val

Thr

Thr

Ser

Lys

Glu

105

Asp

Glu

Asp

Thr

His

185

Asn

Gly

Tyr

Gly

aurantiacus

Thr

10

Thr

Gln

Lys

Asp

Val

Ser

Cys

Ser

Asn

Ile

170

Ser

Leu

Thr

Gln

Gly
250

Gly

Gly

Tyr

Ala

Ile

75

Ala

His

Ser

Gly

Leu

155

Ala

Ala

Glu

Glu

Thr

235

Ser

Ala Ile Thr

Ile Val Ala

Pro Tyr Met

45

Thr Asp Leu
60

Ile Cys His

Ala Gly Gly

Lys Gly Pro
110

Thr Val Asp
125

Leu Ile Asp
140

Ile Ala Asn

Pro Gly Asn

Gly Asn Thr
190

Val Thr Gly
205

Leu Tyr Lys
220

Leu Thr Ser

Ser Gly Ser

Tyr Ala
15

Asp Gly

Ser Thr

Gly Phe

Lys Gly
80

Thr Val
95

Val Ile

Lys Thr

Gly Ser

Asn Asn
160

Tyr Val
175

Asn Gly

Ser Gly

Ala Thr

Tyr Asp

240

Ser Gly
255
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234

Ser Ser Asn
Val Thr Pro
275

Val Asp Val
290

Thr Pro Ala
305

Phe Ser Phe

Ala Thr Val

Ser Tyr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Ala Lys Ala Thr

260

Thr Pro Val Asn Asn

280

Thr Gln Thr Val Ser

295

Ser Thr Ala Val Ala
310

Asp Ser Met Thr Ser

325

Asn Trp Leu Leu Ser

340

D NO 93
H: 862
DNA

Thr

265

Pro

Gln

Thr

Asp

Asn
345

Ser

Thr

Asn

Ala

Glu

330

Lys

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 93

atgactttgt
ggccacgget
aaatgacagc
acccctacat
getttgtgga
atggcaagtt
ggccagagte
ataggctaac
cgtggacaag
caacccacct
gaccattect
tcactetgeg
caccggtgge
tgatcctgge
tcctgeactyg
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

ccaagatcac
ttgtttetyg
tgcaacagct
gagcaaccct
cggcaccgge
gaccgcaace
tcaccatgga
atagcatagt
accaccctga
ggtgtttggg
gectectaty
ggtaacctga
ggcagtgete
atcaagtttg
ttcaacgett
D NO 94

H: 250
PRT

ISM: Aspergillus

<400> SEQUENCE: 94

Met Thr Leu
1

Ser Leu Val
Lys Tyr Tyr
35

Pro Pro Asp
50

Val Asp Gly

ttcecattget
cattgttget
aacttctatt
cccgacacca
taccagtcte
gttgcagccyg
ceggtacgac
tgattactta
agtttgtcaa
ctgatgatga
ccceccggaaa
acggcgegea
agggatctgg
acatctactce

aa

Ser Lys Ile Thr Ser

Ala Gly His Gly Phe

20

Gly Gly Tyr Leu Val

40

Thr Ile Ala Trp Ser

55

Thr Gly Tyr Gln Ser

Thr

Val

Ala

Val

315

Phe

Lys

ggcettetgyg

gatgggaaat

ccagttacgg

ttgcctggte

cggatattat

gttcacagat

gccgaagaga

cctegeteca

gatcgecget

aatgatcgec

ctacgtecett

gaactaccce

caccgetgge

ggatctgage

Ile

Val

25

Asn

Thr

Pro

fumigatus

Ala

10

Ser

Gln

Thr

Asp

Gly

Gly

Tyr

Ala

Ile

Ala Ser Ser
270

Thr Gln Thr
285

Ala Val Ala
300

Pro Thr Gly

Val Ser Leu

His Ala Arg
350

cctecagegte
agtatgtgcet
agggtacctt
caccaccgec
ctgccacaga
cgaattccag
agagaacata
tgcaacggeyg
caaggcttga
aacaacaaca
cgccacgaga
cagtgtttca
acgtcectgt

ggtggatacc

Leu Leu Ala
Ile Val Ala
30

Pro Tyr Met
45

Thr Asp Leu
60

Ile Cys His

Ser Ile

Ala Val

Thr Thr

Thr Thr

320

Met Arg
335

Asp Leu

tctegtgget
tgaaccacac
gttaaccaat
accgaccteg
gacgcaaaga
tggacgacgt
ttgtgaccag
actgtgccac
tcgacggete
cggccacagt
tcatcgeect
acatccaaat
acaagaatac

ctattecctygy

Ser Ala

15

Asp Gly

Ser Asn

Gly Phe

Arg Asp

60

120

180

240

300

360

420

480

540

600

660

720

780

840

862
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-continued

65 70 75 80
Ala Lys Asn Gly Lys Leu Thr Ala Thr Val Ala Ala Gly Ser Gln Ile

85 90 95
Glu Phe Gln Trp Thr Thr Trp Pro Glu Ser His His Gly Pro Leu Ile

100 105 110
Thr Tyr Leu Ala Pro Cys Asn Gly Asp Cys Ala Thr Val Asp Lys Thr
115 120 125
Thr Leu Lys Phe Val Lys Ile Ala Ala Gln Gly Leu Ile Asp Gly Ser
130 135 140

Asn Pro Pro Gly Val Trp Ala Asp Asp Glu Met Ile Ala Asn Asn Asn
145 150 155 160
Thr Ala Thr Val Thr Ile Pro Ala Ser Tyr Ala Pro Gly Asn Tyr Val

165 170 175
Leu Arg His Glu Ile Ile Ala Leu His Ser Ala Gly Asn Leu Asn Gly

180 185 190
Ala Gln Asn Tyr Pro Gln Cys Phe Asn Ile Gln Ile Thr Gly Gly Gly
195 200 205
Ser Ala Gln Gly Ser Gly Thr Ala Gly Thr Ser Leu Tyr Lys Asn Thr
210 215 220

Asp Pro Gly Ile Lys Phe Asp Ile Tyr Ser Asp Leu Ser Gly Gly Tyr
225 230 235 240
Pro Ile Pro Gly Pro Ala Leu Phe Asn Ala

245 250
<210> SEQ ID NO 95
<211> LENGTH: 1021
<212> TYPE: DNA
<213> ORGANISM: Penicillium pinophilum
<400> SEQUENCE: 95
atgccttcta ctaaagtcge tgccctttet getgttctag ctttggecte cacggttget 60
ggccatggtt ttgtgcaaaa catcgttatc gacggtaaat cgtaagcagt gatgcatcca 120
ttattaaact agacatgctt acaaaaaaat cagttactct ggataccttyg tgaatcagtt 180
ccectacgag tccaacccac cagctgttat tgggtgggea acaactgcaa ccgacctggg 240
attcgteget cccagtgagt acaccaatge agacattatce tgccacaaga acgccacacce 300
tggcgegett tctgetecag ttgctgecagg gggcactgte gagetccagt ggactacatg 360
geecgatagt catcacggte ctgtcatcag ctacctegec aactgcaatg gcaattgtte 420
taccgtggat aagactaagc tagactttgt caagattgac caaggtggtt tgatcgacga 480
tactaccccee ccgggtacat gggcttecga caaacttate getgccaaca acagcetggac 540
tgtaactatc cccteccacca tcgcgectgg aaactacgtt ttgegccacyg aaatcattge 600
tcttecactee gectggaaacg cagacggtge ccaaaactac cctcaatgca tcaacttgga 660
gatcaccgge agcggaaccg ccgcetceecte tggtaccget ggcgaaaagce tctacaccte 720
tactgaccce ggtatcttgg tcaatatcta ccaatccttyg tegacctacyg ttattcccegg 780
accaactctyg tggageggtg ctgccaatgg cgetgttgece actggttetyg ctactgeggt 840
tgctacgact gccactgett ctgcgaccge tactcctace acacttgtta cctetgtege 900
tccagettea tctacctttyg ccactgetgt tgtgaccact gtegetcectyg cagtaactga 960
tgtcgtgact gtcaccgatg tagttaccgt gaccaccgtc atcaccacta ctgtcctttg 1020
a 1021
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238

<210> SEQ ID NO 96

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ser

Lys

Pro

65

Ala

Glu

Ser

Lys

Thr

145

Ser

Leu

Ala

Thr

Asp

225

Ile

Thr

Ala

Phe

<210>
<211>
<212>
<213>

<400>

atgttgtegt tcgettetge caagtcaget gtgectgacga cecttetact tettggatcece

Pro

Thr

Ser

Pro

50

Ala

Thr

Leu

Tyr

Leu

130

Pro

Trp

Arg

Gln

Ala

210

Pro

Pro

Gly

Thr

Ala

290

Thr

Leu

Ser

Val

Tyr

35

Ala

Pro

Pro

Gln

Leu

115

Asp

Pro

Thr

His

Asn

195

Ala

Gly

Gly

Ser

Pro

275

Thr

Val

Thr

Ala

Ser

Val

Ser

Gly

Trp

100

Ala

Phe

Gly

Val

Glu

180

Tyr

Pro

Ile

Pro

Ala

260

Thr

Ala

Thr

SEQUENCE :

322

Penicillium

96

Lys

5

Gly

Gly

Ile

Glu

Ala

85

Thr

Asn

Val

Thr

Thr

165

Ile

Pro

Ser

Leu

Thr

245

Thr

Thr

Val

Asp

SEQ ID NO 97
LENGTH:
TYPE: DNA
ORGANISM: Thermoascus sp.

1486

97

Val

His

Tyr

Gly

Tyr

70

Leu

Thr

Cys

Lys

Trp

150

Ile

Ile

Gln

Gly

Val

230

Leu

Ala

Leu

Val

Val
310

Ala

Gly

Leu

Trp

55

Thr

Ser

Trp

Asn

Ile

135

Ala

Pro

Ala

Cys

Thr

215

Asn

Trp

Val

Val

Thr

295

Val

pinophilum

Ala

Phe

Val

40

Ala

Asn

Ala

Pro

Gly

120

Asp

Ser

Ser

Leu

Ile

200

Ala

Ile

Ser

Ala

Thr

280

Thr

Thr

Leu

Val

Asn

Thr

Ala

Pro

Asp

105

Asn

Gln

Asp

Thr

His

185

Asn

Gly

Tyr

Gly

Thr

265

Ser

Val

Val

Ser

10

Gln

Gln

Thr

Asp

Val

Ser

Cys

Gly

Lys

Ile

170

Ser

Leu

Glu

Gln

Ala

250

Thr

Val

Ala

Thr

Ala

Asn

Phe

Ala

Ile

75

Ala

His

Ser

Gly

Leu

155

Ala

Ala

Glu

Lys

Ser

235

Ala

Ala

Ala

Pro

Thr
315

Val

Ile

Pro

Thr

60

Ile

Ala

His

Thr

Leu

140

Ile

Pro

Gly

Ile

Leu

220

Leu

Asn

Thr

Pro

Ala

300

Val

Leu

Val

Tyr

45

Asp

Cys

Gly

Gly

Val

125

Ile

Ala

Gly

Asn

Thr

205

Tyr

Ser

Gly

Ala

Ala

285

Val

Ile

Ala

Ile

Glu

Leu

His

Gly

Pro

110

Asp

Asp

Ala

Asn

Ala

190

Gly

Thr

Thr

Ala

Ser

270

Ser

Thr

Thr

Leu

15

Asp

Ser

Gly

Lys

Thr

95

Val

Lys

Asp

Asn

Tyr

175

Asp

Ser

Ser

Tyr

Val

255

Ala

Ser

Asp

Thr

Ala

Gly

Asn

Phe

Asn

80

Val

Ile

Thr

Thr

Asn

160

Val

Gly

Gly

Thr

Val

240

Ala

Thr

Thr

Val

Thr
320
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240

-continued
gctcaggete acactttgat gaccaccctg tttgtggatg gegtcaatca gggagatggt 120
gtectgtatte gcatgaacaa caacggtagt actgccaaca cctatatcca gectgtcacy 180
agcaaggata ttgcctgcegg taagtacagt accggtccag atatcatact ctatttcaat 240
ccgacaacag tcagagctgg agagcaatgce taaacatccce caggcattca aggcgaaatt 300
ggegecgete gagtetgtee agccaaggcet tcatccaccce tcacgtteca attccgagag 360
cagccatcca acccgaattce cgctectete gatccctege acaaaggcecce cgcetgeggtyg 420
tacctgaaaa aggtagactc cgccatcgeg agcaacaacyg ccgcectggaga cggetggtte 480
aagatctggg agtcegteta cgacgagtce acgggcaaat ggggtacgac caagatgatce 540
gagaacaacyg ggcacatctce tgtcaaggtc cccgacgata tcgagggtgg gtattatcte 600
gegegtacgyg agettetgge getgecacgeg gcgaacgaag gggatccgca gttctacgtt 660
ggctgegege agetgttcat cgattcageg gggacagcga aaccgectac tgtctctatt 720
ggagagggga cctacgatct gagcatgcct gecatgacgt acaatatcta ccagactcecg 780
ttggctctac catacccgat gtatgggect cctgtctaca cacctggete tggetegggt 840
tctggetetyg gtteegggte agettetgea acgagatctt ctgctattece tactgecace 900
getgttacgyg actgttctte cgaagaggac agggaagact cagtcatggce aaccggtgtt 960
ccegttgcaa gaagcacact cagaacctgg gttgacagac tgtcatggca tggtaaggcece 1020
cgtgagaacg tgaaaccagc cgccaggaga agegeccttyg tcecagaccga gggtctgaag 1080
ccggaaggcet gecatcttegt caacggcaac tggtgcggtt tcgaggtccce cgattacaac 1140
gatgcggaaa gctgctggge tgtacgttcce cgtctaatta cttaaaacga aataaaagct 1200
aacagtactt ttctttttet aatcccaggce cteccgacaac tgctggaaac agtccgactce 1260
gtgctggaac cagacccage ccaccggcta caacaactge cagatctggce aagaccagaa 1320
atgcaagcce atccaggact cgtgtageca atccaacceg actggaccge cgaacaaggg 1380
caaggatata actccaacgt ggccgeccect ggagggcteg atgaagacct tcaccaagceg 1440
cactgtcagt taccgtgatt ggattatgaa aaggaaagga gcataa 1486

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 98
H: 444
PRT

ISM: Thermoascus sp.

<400> SEQUENCE: 98

Met Leu Ser
1

Leu Leu Gly

Asp Gly Val
35

Gly Ser Thr
50

Ala Cys Gly
65
Lys Ala Ser

Pro Asn Ser

Tyr Leu Lys

Phe Ala Ser Ala Lys

Ser Ala Gln Ala His

20

Asn Gln Gly Asp Gly

40

Ala Asn Thr Tyr Ile

55

Ile Gln Gly Glu Ile

70

Ser Thr Leu Thr Phe

85

Ala Pro Leu Asp Pro

100

Lys Val Asp Ser Ala

Ser

Thr

25

Val

Gln

Gly

Gln

Ser

105

Ile

Ala

Leu

Cys

Pro

Ala

Phe

90

His

Ala

Val

Met

Ile

Val

Ala

75

Arg

Lys

Ser

Leu Thr Thr

Thr Thr Leu
30

Arg Met Asn
45

Thr Ser Lys
60

Arg Val Cys

Glu Gln Pro

Gly Pro Ala

110

Asn Asn Ala

Leu Leu
15

Phe Val

Asn Asn

Asp Ile

Pro Ala

80

Ser Asn
95

Ala Val

Ala Gly
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115

Asp Gly Trp
130

Lys Trp Gly
145

Lys Val Pro

Leu Leu Ala

Gly Cys Ala

195

Thr Val Ser
210

Thr Tyr Asn
225

Gly Pro Pro

Ser Gly Ser

Ala Val Thr

275

Ala Thr Gly
290

Arg Leu Ser
305

Arg Arg Ser

Ile Phe Val

Asp Ala Glu

355

Asp Ser Cys
370

Ile Trp Gln
385

Ser Asn Pro

Trp Pro Pro

Ser Tyr Arg
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

120

Phe Lys Ile Trp Glu

135

Thr Thr Lys Met Ile
150

Asp Asp Ile Glu Gly

165

Leu His Ala Ala Asn

180

Gln Leu Phe Ile Asp

200

Ile Gly Glu Gly Thr

215

Ile Tyr Gln Thr Pro
230

Val Tyr Thr Pro Gly

245

Ala Ser Ala Thr Arg

260

Asp Cys Ser Ser Glu

280

Val Pro Val Ala Arg

295

Trp His Gly Lys Ala
310

Ala Leu Val Gln Thr

325

Asn Gly Asn Trp Cys

340

Ser Cys Trp Ala Ala

360

Trp Asn Gln Thr Gln

375

Asp Gln Lys Cys Lys
390

Thr Gly Pro Pro Asn

405

Leu Glu Gly Ser Met

420

Asp Trp Ile Met Lys

D NO 99
H: 835
DNA

440

<213> ORGANISM: Penicillium sp.

<400> SEQUENCE: 99

atgctgtett

ccectggtea

cctetettge

caacagctac

catcggetygyg

cgacgacteg

aggcccatgg

agttctgteg

agcgggtaca

gccacgaccyg

caccctegec

ctttgtecag

attaactgct

tcgtcaacte

ccaccgacct

Ser

Glu

Gly

Glu

185

Ser

Tyr

Leu

Ser

Ser

265

Glu

Ser

Arg

Glu

Gly

345

Ser

Pro

Pro

Lys

Lys

425

Arg

Val

Asn

Tyr

170

Gly

Ala

Asp

Ala

Gly

250

Ser

Asp

Thr

Glu

Gly

330

Phe

Asp

Thr

Ile

Gly

410

Thr

Lys

Tyr

Asn

155

Tyr

Asp

Gly

Leu

Leu

235

Ser

Ala

Arg

Leu

Asn

315

Leu

Glu

Asn

Gly

Gln

395

Lys

Phe

Gly

tttacaggcc

ggcattgtca

ggactgcetty

gttecectac

gggettegte

125

Asp Glu Ser
140

Gly His Ile

Leu Ala Arg

Pro Gln Phe
190

Thr Ala Lys
205

Ser Met Pro
220

Pro Tyr Pro

Gly Ser Gly

Ile Pro Thr
270

Glu Asp Ser
285

Arg Thr Trp
300

Val Lys Pro

Lys Pro Glu

Val Pro Asp
350

Cys Trp Lys
365

Tyr Asn Asn
380

Asp Ser Cys

Asp Ile Thr

Thr Lys Arg
430

Ala

ttgcgggect
tcggtgacca
cttgactece

gaatccaacc

gacggcacag

Thr Gly

Ser Val
160

Thr Glu
175

Tyr Val

Pro Pro

Ala Met

Met Tyr
240

Ser Gly
255

Ala Thr

Val Met

Val Asp

Ala Ala
320

Gly Cys
335

Tyr Asn

Gln Ser

Cys Gln

Ser Gln
400

Pro Thr
415

Thr Val

tctgtecget
attgtaagtc
tgctgactce
cacccecegt

gataccaagg

60

120

180

240

300
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-continued
cccggacatce atctgccacce ggaatgcgac gcccgegecg ctgacagccce cecgtggecge 360
cggceggcacce gtcgagcetge agtggacgcc gtggccggac agccaccacg gacccgtcat 420
cacctacctg gcgccgtgca acggcaactg ctcgaccgte gacaagacga cgctggagtt 480
cttcaagatc gaccagcagg gcctgatcga cgacacgagce ccgecgggca cctgggegtce 540
ggacaacctc atcgccaaca acaatagctg gaccgtcacc attcccaaca gcgtcegeccc 600
cggcaactac gtcctgcgece acgagatcat cgccctgcac tceggccaaca acaaggacgg 660
cgcccagaac tacccccagt gcatcaacat cgaggtcacg ggcggeggcet ccgacgcegec 720
tgagggtact ctgggcgagg atctctacca tgacaccgac ccgggcattc tggtcgacat 780
ttacgagccc attgcgacgt ataccattcc ggggccgcect gagccgacgt tctag 835

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 100
H: 253
PRT

ISM: Penicillium sp.

<400> SEQUENCE: 100

Met Leu Ser
1

Leu Leu Ser
Val Ile Gly
35

Tyr Glu Ser
50

Asp Leu Gly
65

Cys His Arg

Gly Gly Thr

Gly Pro Val
115

Val Asp Lys
130

Ile Asp Asp
145

Ala Asn Asn

Gly Asn Tyr

Asn Lys Asp
195

Thr Gly Gly
210

Tyr His Asp
225

Ala Thr Tyr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Thr Thr Arg Thr

5

Ala Pro Leu Val Lys

20

Asp Gln Phe Tyr Ser

40

Asn Pro Pro Pro Val

55

Phe Val Asp Gly Thr

70

Asn Ala Thr Pro Ala

85

Val Glu Leu Gln Trp

100

Ile Thr Tyr Leu Ala

120

Thr Thr Leu Glu Phe

135

Thr Ser Pro Pro Gly
150

Asn Ser Trp Thr Val

165

Val Leu Arg His Glu

180

Gly Ala Gln Asn Tyr

200

Gly Ser Asp Ala Pro

215

Thr Asp Pro Gly Ile
230

Thr Ile Pro Gly Pro

245
D NO 101
H: 977

DNA

Leu

Ala

25

Gly

Ile

Gly

Pro

Thr

105

Pro

Phe

Thr

Thr

Ile

185

Pro

Glu

Leu

Pro

Ala

10

His

Tyr

Gly

Tyr

Leu

90

Pro

Cys

Lys

Trp

Ile

170

Ile

Gln

Gly

Val

Glu
250

Phe

Gly

Ile

Trp

Gln

75

Thr

Trp

Asn

Ile

Ala

155

Pro

Ala

Cys

Thr

Asp
235

Pro

Thr Gly Leu
Phe Val Gln
30

Val Asn Ser
45

Ala Thr Thr
60

Gly Pro Asp

Ala Pro Val

Pro Asp Ser

110

Gly Asn Cys
125

Asp Gln Gln
140

Ser Asp Asn

Asn Ser Val

Leu His Ser
190

Ile Asn Ile
205

Leu Gly Glu
220

Ile Tyr Glu

Thr Phe

Ala Gly
15

Gly Ile

Phe Pro

Ala Thr

Ile Ile

80

Ala Ala
95

His His

Ser Thr

Gly Leu

Leu Ile

160

Ala Pro

175

Ala Asn

Glu Val

Asp Leu

Pro Ile
240
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-continued

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 101

atgaagctgt catcccaget cgcegeecte acgetggecg cggecteegt gtcaggecac 60
tacatctteg agcagattge ccatggegge accaagttee caccttacga gtacatcega 120
agaaacacga actataacag ccctgtcacce agtctetegt cgaacgacct gegatgcaac 180
gtaggcggeyg agacggcetgg caacacgace gtoctegacyg tgaaggeggg cgactectte 240
accttctact cggacgtgge cgtgtaccac caggggecca tctcactgtyg cgtgeccegyg 300
gccaactttyg atcagtccca ageggactgt ccgetegect ggataaccac aattgactga 360
cagcecegcac agctacatgt ccaaggetcce cggecteegte gtggactacyg acggetcegyg 420
cgactggtte aagatccacg actggggecce gaccttcage aacggcecagyg cctegtggece 480
getgeggggt gegtecctte cettteecte ccccttecte ceecttecte ceccecttte 540
ccecectttte tgtetggteg cacgecctyge tgacgtceccee gtagacaact accagtacaa 600
catccegacyg tgcatcccga acggegagta cctgetgege atccagtege tggegatcca 660
caacceggge gcecacgecge agttctacat cagetgegeg caggteceggyg tetegggegyg 720
cggcagegee tcccectece caacggecaa gatcccegge gegttcaagyg cgaccgatcece 780
cgggtatace gegaatgtga gtgccctatyg ttecttgege tecttgttece ttgetecttyg 840

ctcggegtge ttgaacgcta cgggctgtgg agggagggat ggatggatga ataggatgcet 900
gactgatggt gggacaccag atttacaata acttccactc gtatacggtg ccgggtccegg 960
cggtctttca gtgctag 977
<210> SEQ ID NO 102

<211> LENGTH: 223

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 102

Met Lys Leu Ser Ser Gln Leu Ala Ala Leu Thr Leu Ala Ala Ala Ser
1 5 10 15

Val Ser Gly His Tyr Ile Phe Glu Gln Ile Ala His Gly Gly Thr Lys
20 25 30

Phe Pro Pro Tyr Glu Tyr Ile Arg Arg Asn Thr Asn Tyr Asn Ser Pro
35 40 45

Val Thr Ser Leu Ser Ser Asn Asp Leu Arg Cys Asn Val Gly Gly Glu
50 55 60

Thr Ala Gly Asn Thr Thr Val Leu Asp Val Lys Ala Gly Asp Ser Phe
65 70 75 80

Thr Phe Tyr Ser Asp Val Ala Val Tyr His Gln Gly Pro Ile Ser Leu
85 90 95

Tyr Met Ser Lys Ala Pro Gly Ser Val Val Asp Tyr Asp Gly Ser Gly
100 105 110

Asp Trp Phe Lys Ile His Asp Trp Gly Pro Thr Phe Ser Asn Gly Gln
115 120 125

Ala Ser Trp Pro Leu Arg Asp Asn Tyr Gln Tyr Asn Ile Pro Thr Cys
130 135 140

Ile Pro Asn Gly Glu Tyr Leu Leu Arg Ile Gln Ser Leu Ala Ile His
145 150 155 160

Asn Pro Gly Ala Thr Pro Gln Phe Tyr Ile Ser Cys Ala Gln Val Arg
165 170 175
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248

Val Ser Gly

Gly Ala Phe
195

Asn Phe His
210

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

<400> SEQUE:
atgaagttct
ttccaggtte
cacggeegge
gctccaagca
tcgggeteca
tggcagcatg
tcgcacaagyg
caaacgggtce
ctccatcega
gcagcaagac
tgccgeagty
cggegtacca
geteegggte
acccgageat
cttacaaccc
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

Gly Gly Ser Ala Ser

180

Lys Ala Thr Asp Pro

200

Ser Tyr Thr Val Pro

D NO 103
H: 878
DNA

NCE: 103
cactggtgte
gtctegcaca
agagagtctce
acaacaaccc
agtcgcagac
tcatcggegy
gececegtgat
tgaagtggta
gactaacacc
atggggegte
cctegetecyg
geagggcecag
cttecageeeg
ccteatcaac
cecctggacee
D NO 104

H: 246
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 104

Met Lys Phe
1

Ala His Ser

Leu Leu Thr
35

Val Asn Ser

50

Thr Val Ile

His Val Ile

Ala His Ser

Asn Ala Ala
115

215

tctgetgget

tcacgctcaa

ggtcaacgge

agtgcaagat

cgttatcaac

cgcccagttt

ggcgtaccett

agtagcgggc

gtggacaggt

gacaacctga

ggccagtatce

geccagttet

tcccagacgyg

atctacggca

gececgatet

Ser Leu Val Ser Leu

5

Ile Phe Gln Arg Val

Gly Leu Arg Ala Pro

40

Gln Asn Met Ile Cys

55

Asn Val Lys Ala Gly

70

Gly Gly Ala Gln Phe

85

His Lys Gly Pro Val

100

Ser Ala Ser Gln Thr

120

Pro Ser Pro

185

Gly Tyr Thr

Gly Pro Ala

tacggectet

cteggetegt

caagaccaag

gtcaacagce

gtcaaggccyg

tcgggtgace

gctaaggteyg

gacgctcagg

tcaagatctg

tcaagaacaa

tcectgegegt

accagtcctg

tcagcatcece

gcacggggca

cctgetga

Leu

Ser

25

Ser

Gly

Asp

Ser

Met
105

Gly

Ala
10
Val

Asn

Gln

Arg

Gly

90

Ala

Leu

Tyr

Asn

Asn

Ser

Ile

75

Asp

Tyr

Lys

Thr Ala Lys
190

Ala Asn Ile
205

Ile Pro

Tyr Asn

Val Phe Gln Cys

cggtcegagge
ggcgtaaggg
gectgetceac
agaacatgat
gcgacaggat
cggacaacce
acaatgcege
ggacggggat
gecaggacggg
cggctgggtyg
cgaggttetyg
cgceccagate
gggegtcetac

gccegacaac

Gly Leu Ser

Gly Gln Asp

Asn Pro Val
45

Gly Ser Lys
60

Gly Ser Leu

Pro Asp Asn

Leu Ala Lys
110

Trp Phe Lys
125

gcactccate
caaggattaa
cggecteege
ttgcggecag
cggetegete
gatcgcccac
gtcegegage
cgggggcectyg
ttcgatacca
tacttccace
gegetgeact
aacgtcteceg
agcgccaccg

dgcggeaagg

Val Glu
15

Gln Gly

Gln Asp

Ser Gln
Trp Gln
80

Pro Ile
95

Val Asp

Ile Trp

60

120

180

240

300

360

420

480

540

600

660

720

780

840

878
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Gln Asp Gly
130

Ile Lys Asn
145

Pro Gly Gln

Tyr Gln Gln

Val Ser Gly

195

Gly Val Tyr
210

Ser Thr Gly
225

Pro Ala Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Asp Thr Ser Ser

135

Asn Gly Trp Val Tyr
150

Tyr Leu Leu Arg Val

165

Gly Gln Ala Gln Phe

180

Ser Gly Ser Phe Ser

200

Ser Ala Thr Asp Pro

215

Gln Pro Asp Asn Gly
230

Ile Ser Cys

245
D NO 105
H: 1253

DNA

Lys Thr Trp
Phe His Leu
155

Glu Val Leu
170

Tyr Gln Ser
185

Pro Ser Gln

Ser Ile Leu

Gly Lys Ala
235

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 105

atgaggacga

gccatettee

ttgtgtttge

ggctectect

gacatgatct

ggcaccgtga

ggaagccect

gatcggtegt

ctcagcaagg

geggacacgt

cgcgacctea

ggcgactace

gegecagttet

gccaccgtea

cacgeggecyg

aaggtggccg

acggcgacgg

ggcgggtctt

cagtgcggcg

gtettttgta

cttgcaagge

<210> SEQ I

<211> LENGT.
<212> TYPE:

cattecgeege

aacagctetg

ccatcctega

gegteegeat

gcaacgccegyg

cggttgagat

ttcccatect

gtaacaacga

tggaggacgc

ggtccaagaa

acgegtgetyg

ththgggC

acatgagetg

agttcccegyg

tgtccaacta

ggtcecgggtyg

CgCCgthgg

cgtettegag

ggaacgggta

ggaacatccyg

ggtctetecy

D NO 106

H: 334
PRT

cgegttggea

ggtggacgge

ttgataaccc

geegetgteg

cacgcgeaec

gcaccaggtyg

ttgccectgge

agccatecgge

gagcacggceyg

dgcgggeage

cggcaagatg

ggaggegetyg

ctaccagatc

cgcctacage

cgtegegece

ccaaggctge

caagagcggc

cccegacacy

ctegggttge

agaggcttgg

ccgtactatt

gecttegety

accgactata

gaggccatce

aactcgeeeg

gtcagcggga

ggctgattte

taacccctcec

ggcgeccact

gacgggtcga

teggtggggg

caggtcaaga

gegetgeaca

accgtgtegyg

gccaacgace

ggcccggcecg

gagaacacgt

gnggttCCg

ggcagcgcgt

acccagtgeg

ctgacgagge

cgcagtgege

<213> ORGANISM: Thielavia terrestris

Gly Val Asp
140

Pro Gln Cys

Ala Leu His

Cys Ala Gln

190

Thr Val Ser
205

Ile Asn Ile
220

Tyr Asn Pro

cgcaggaagt
tacgtgctee
aatgctgact
tcacgaacgt
agtgcccegt
ctgagegtee
gecectecca
ggggaccggt
cgggetggtt
acgacgacaa
tcceggegga
cggegggeca
geggeggeag
cgggcatceca
tctattcegy
gcaaggtecgg
acggeggege
gcagcegtgca
cggtaagtte
gttgttgtag

cccttettet

Asn Leu
Leu Ala
160

Ser Ala
175

Ile Asn

Ile Pro

Tyr Gly

Pro Gly
240

ggcaggccat

ccttttectt
cttacagcac
cggcagcagg
caaggccgge
tattcctece
gcaacccggg
gcaggtgtac
caagatcttce
ctggggcacyg
catccegteg
ggtgggcgge
cgccageccyg
catcaacatc
cggcacgace
ctegtegece
tgggaccgac
ggcctacggg
ggggtegtet
cceggetata

tag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1253
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<400> SEQUENCE:

Met
1

Val

Ser

Gly

Ala

145

Gly

Gln

Ser

Tyr

Ser

225

Lys

Gly

Ser

Asp

Asn

305

Ala

Arg

Ala

Arg

Met

50

Lys

Arg

Gln

Thr

Ser

130

Cys

Asp

Val

Gly

Ser

210

Asn

Val

Ser

Asp

Thr

290

Gly

Val

Thr

Gly

Met

35

Ile

Ala

Ser

Val

Gly

115

Ser

Cys

Tyr

Gly

Gly

195

Ala

Tyr

Ala

Ser

Gly

275

Gly

Tyr

Ser

Thr

His

20

Pro

Cys

Gly

Cys

Tyr

100

Trp

Val

Gly

Leu

Gly

180

Gly

Asn

Val

Gly

Pro

260

Gly

Ser

Ser

Pro

106

Phe

Ala

Leu

Asn

Gly

Asn

85

Leu

Phe

Gly

Lys

Leu

165

Ala

Ser

Asp

Ala

Ser

245

Thr

Ala

Ala

Gly

Pro
325

<210> SEQ ID NO 107

<211> LENGTH:

<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE:

798

107

Ala

Ile

Ser

Ala

Thr

70

Asn

Ser

Lys

Asp

Met

150

Arg

Gln

Ala

Pro

Pro

230

Gly

Ala

Gly

Cys

Cys

310

Tyr

Ala

Phe

Asn

Gly

Val

Glu

Lys

Ile

Asp

135

Gln

Ala

Phe

Ser

Gly

215

Gly

Cys

Thr

Thr

Ser

295

Thr

Tyr

Ala

Gln

Ser

40

Thr

Thr

Ala

Val

Phe

120

Asp

Val

Glu

Tyr

Pro

200

Ile

Pro

Gln

Ala

Asp

280

Val

Gln

Ser

Leu

Gln

25

Pro

Arg

Val

Ile

Glu

105

Ala

Asn

Lys

Ala

Met

185

Ala

His

Ala

Gly

Pro

265

Gly

Gln

Cys

Gln

Ala

10

Leu

Val

Pro

Glu

Gly

90

Asp

Asp

Trp

Ile

Leu

170

Ser

Thr

Ile

Val

Cys

250

Ser

Gly

Ala

Ala

Cys
330

Ala

Trp

Thr

Val

Met

75

Gly

Ala

Thr

Gly

Pro

155

Ala

Cys

Val

Asn

Tyr

235

Glu

Gly

Ser

Tyr

Pro

315

Ala

atgaagctga gegttgecat cgeegtgetyg gegteggete

tgcatcegtet cactccaget actgecgaage ttgctgacga

cagcatcgga aacaccgetg actggcagta tgtgeggatt

Phe

His

Asn

Ser

His

Ala

Ser

Trp

Thr

140

Ala

Leu

Tyr

Lys

Ile

220

Ser

Asn

Lys

Ser

Gly

300

Gly

Pro

ttgccgagge tcactgtgag

tggtcecctag acaccttece

acaacgaact accagagcaa

Ala

Gly

Val

45

Gly

Gln

His

Thr

Ser

125

Arg

Asp

His

Gln

Phe

205

His

Gly

Thr

Ser

Ser

285

Gln

Tyr

Ser

Ala

Ser

30

Gly

Lys

Gln

Trp

Ala

110

Lys

Asp

Ile

Thr

Ile

190

Pro

Ala

Gly

Cys

Gly

270

Ser

Cys

Thr

Ser

Gln

15

Ser

Ser

Cys

Pro

Gly

95

Asp

Lys

Leu

Pro

Ala

175

Thr

Gly

Ala

Thr

Lys

255

Ala

Ser

Gly

Cys

Glu

Cys

Arg

Pro

Gly

80

Pro

Gly

Ala

Asn

Ser

160

Gly

Val

Ala

Val

Thr

240

Val

Gly

Pro

Gly

Lys
320
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cgggecggty acggacgtca cctceggatca aattceggtge tacgaacgga acccaggcac 240
gggagcgcayg ggcatataca acgtcaccgce cggccagacce atcaactaca acgcgaaggce 300
gtecatctee caccecgggge ccatgtectt ctacattget aaggtteceg ceggccaaac 360
cgetgegace tgggacggta agggggetgt gtggaccaag atctaccagyg acatgceccaa 420
gtteggcage agectgacct ggcccaccat gggtaagaat tctcaccctg gaaatgaacy 480
cacatttgca cagatctaac atggcctaca ggcgccaagt ctgtcccegt caccatccct 540
cgttgectee agaacggcga ttaccttetg cgagccgage acatcgetcet acacagegeg 600
agcagegteg gtggegecca gttctaccte tegtgegece agettactgt cageggegge 660
agtggcacct ggaaccccaa gaaccgggte tecttceceeg gegettacaa ggcaacagac 720
cecgggeatet tgatcaacat ctactacccece gtgecgacca gctactcegece gcceggeccyg 780
ccggctgaga cgtgctaa 798

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 108
H: 227
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 108

Met Lys Leu
1

Ala His Tyr
Val Arg Ile
35

Thr Ser Asp
50

Gln Gly Ile
65

Lys Ala Ser

Val Pro Ala

Trp Thr Lys

115

Trp Pro Thr
130

Leu Gln Asn
145

Ser Ala Ser

Leu Thr Val
Ser Phe Pro
195

Ile Tyr Tyr
210

Glu Thr Cys
225

<210> SEQ I
<211> LENGT.

Ser Val Ala Ile Ala

5

Thr Phe Pro Ser Ile

20

Thr Thr Asn Tyr Gln

40

Gln Ile Arg Cys Tyr

55

Tyr Asn Val Thr Ala

70

Ile Ser His Pro Gly

Gly Gln Thr Ala Ala

100

Ile Tyr Gln Asp Met

120

Met Gly Ala Lys Ser

135

Gly Asp Tyr Leu Leu
150

Ser Val Gly Gly Ala

165

Ser Gly Gly Ser Gly

180

Gly Ala Tyr Lys Ala

200

Pro Val Pro Thr Ser

D NO 109
H: 1107

215

Val

Gly

Ser

Glu

Gly

Pro

Thr

105

Pro

Val

Arg

Gln

Thr
185

Thr

Tyr

Leu

10

Asn

Asn

Arg

Gln

Met

90

Trp

Lys

Pro

Ala

Phe

170

Trp

Asp

Ser

Ala

Thr

Gly

Asn

Thr

75

Ser

Asp

Phe

Val

Glu

155

Tyr

Asn

Pro

Pro

Ser Ala Leu

Ala Asp Trp

Pro Val Thr

45

Pro Gly Thr
60

Ile Asn Tyr

Phe Tyr Ile

Gly Lys Gly

110

Gly Ser Ser
125

Thr Ile Pro
140

His Ile Ala

Leu Ser Cys

Pro Lys Asn
190

Gly Ile Leu
205

Pro Gly Pro
220

Ala Glu

15

Gln Tyr

Asp Val

Gly Ala

Asn Ala

80

Ala Lys

Ala Val

Leu Thr

Arg Cys

Leu His

160

Ala Gln
175

Arg Val

Ile Asn

Pro Ala
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-continued
<212> TYPE: DNA
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 109
atgccttett tegectccaa gactctectt tecaccetgg cgggtgeege atcegtggece 60
geecacggge acgtgtcegaa categtcate aacggggtcet cgtaccaggg ttacgatceceg 120
acctecttee cttacatgca gaaccegecce ategtggteg getggactge cgeegacacyg 180
gacaacggct ttgttgccee ggatgectte gecagtggeyg atatcatctg ccacaagaac 240
gccaccaacyg ccaagggceca cgeegtggte gecgegggag acaagatctt catccagtgy 300
aacacatgge ccgagtccca ccacggecce gtecatcgact acctegegayg ctgeggcage 360
gegtectgeg agaccgtcega caagaccaag ctcgagttcet tcaagatcga cgaggtegge 420
ctggtegacy gcagetegge geceggtgtyg tggggeteeg accagcetcat cgecaacaac 480
aactecgtgge tegtegagat cccgeccace ategegecgg gcaactacgt cetgegecac 540
gagatcateyg cgetgcacag cgccgaaaac gecgacggeg cccagaacta ceegecagtge 600
ttcaacctge agatcaccgg caccggecace gecacccect ceggegtece cggeaccteg 660
ctctacacce cgaccgacce gggcatecte gtcaacatet acagegcccece gatcacctac 720
accgtecegg ggceggecoct catcteegge gecgtcagea tegeccagte ctecteegece 780
atcaccgect ccggecaccge cctgacegge tetgccaceyg caccegeege cgeegetget 840
accacaactt ccaccaccaa cgccgegget getgctaccet ctgetgetge tgetgetggt 900
acttccacaa ccaccaccag cgcegeggee gtggtccaga cctectecte ctectectee 960
geeeegtect ctgecgecge cgeegecace accaccgegg ctgccagege cegeccegace 1020

ggctgctect ctggecgcte caggaagcag ccgcgcecgec acgcgcggga tatggtggtt 1080
gcgegagggyg ctgaggaggce aaactga 1107
<210> SEQ ID NO 110

<211> LENGTH: 368

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 110

Met Pro Ser Phe Ala Ser Lys Thr Leu Leu Ser Thr Leu Ala Gly Ala
1 5 10 15

Ala Ser Val Ala Ala His Gly His Val Ser Asn Ile Val Ile Asn Gly
20 25 30

Val Ser Tyr Gln Gly Tyr Asp Pro Thr Ser Phe Pro Tyr Met Gln Asn
35 40 45

Pro Pro Ile Val Val Gly Trp Thr Ala Ala Asp Thr Asp Asn Gly Phe
50 55 60

Val Ala Pro Asp Ala Phe Ala Ser Gly Asp Ile Ile Cys His Lys Asn
65 70 75 80

Ala Thr Asn Ala Lys Gly His Ala Val Val Ala Ala Gly Asp Lys Ile
85 90 95

Phe Ile Gln Trp Asn Thr Trp Pro Glu Ser His His Gly Pro Val Ile
100 105 110

Asp Tyr Leu Ala Ser Cys Gly Ser Ala Ser Cys Glu Thr Val Asp Lys
115 120 125

Thr Lys Leu Glu Phe Phe Lys Ile Asp Glu Val Gly Leu Val Asp Gly
130 135 140

Ser Ser Ala Pro Gly Val Trp Gly Ser Asp Gln Leu Ile Ala Asn Asn
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ued

258

145

Asn Ser Trp

Val Leu Arg

Gly Ala Gln

195

Gly Thr Ala
210

Thr Asp Pro
225

Thr Val Pro

Ser Ser Ser

Thr Ala Pro

275

Ala Ala Ala
290

Thr Thr Ser
305

Ala Pro Ser

Ala Arg Pro

Arg His Ala
355

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

<400> SEQUE:

atgcegecceyg

accgeecteg

ttcgaccege

gtcgacgacyg

gecggeacca

tggaacggct

tcggacacgg

tccageccga

aagcgctggg

geggggcetge

dcgaggaaga

ggtgataata

gatgcgtatg

acggeagege

gtgccgtacyg

150

Leu Val Glu Ile Pro

165

His Glu Ile Ile Ala

180

Asn Tyr Pro Gln Cys

200

Thr Pro Ser Gly Val

215

Gly Ile Leu Val Asn
230

Gly Pro Ala Leu Ile

245

Ala Ile Thr Ala Ser

260

Ala Ala Ala Ala Ala

280

Ala Thr Ser Ala Ala

295

Ala Ala Ala Val Val
310

Ser Ala Ala Ala Ala

325

Thr Gly Cys Ser Ser

340

Arg Asp Met Val Val

D NO 111
H: 993
DNA

NCE: 111
cactcectea
cccactcaca
gecegecacca
gettegtcac
geceggecgg
ggccggtegg

gCthangg

ccatgcagaa

ccaccgacgt

cgaccggage

acggggcgca

gtagtgtgge

acgcgegegy

tgtcgtegta

cgcagcagag

360

actcctaacc

cctegegtac

ggccaactac

geeggecaac

ccacgegecc

ccacatcggt

ccagaacaag

cgtegeegge

getgatcgee

gtacgtgcetyg

gaactatccyg

tgcaacgacyg

gttctacaag

tgtecgtgece

ccegagegty

Pro

Leu

185

Phe

Pro

Ile

Ser

Gly

265

Thr

Ala

Gln

Ala

Gly

345

Ala

Thr

170

His

Asn

Gly

Tyr

Gly

250

Thr

Thr

Ala

Thr

Thr

330

Arg

Arg

155

Ile

Ser

Leu

Thr

Ser

235

Ala

Ala

Thr

Ala

Ser

315

Thr

Ser

Gly

acggtectga

attatcgtta

ccttecegygy

tactccaccce

gtgcgecegg

ccegtgetgt

accgcgetge

gegggeacee

gccaacaaca

cgcaacgaga

ctctgcatga

geggeggtga

gagaacgatc

dggcecgacgyg

thangng

Ala Pro Gly
Ala Glu Asn
190

Gln Ile Thr
205

Ser Leu Tyr
220

Ala Pro Ile

Val Ser Ile

Leu Thr Gly

270

Ser Thr Thr
285

Gly Thr Ser
300

Ser Ser Ser

Thr Ala Ala

Arg Lys Gln

350

Ala Glu Glu
365

cecgeecteac
acggcaagcet

thggtggtC

cggacatcat
gegaccgeat
cgtacctege
ggtggaccaa
agggcgaggyg
getggeaggt
tcatcgeget
acctgtgggt
€ggcgggggy
cgggegtget
tggcggcggy

cgggcacgece

160

Asn Tyr
175

Ala Asp

Gly Thr

Thr Pro

Thr Tyr
240

Ala Gln
255

Ser Ala

Asn Ala

Thr Thr

Ser Ser
320

Ala Ser
335

Pro Arg

Ala Asn

ccteggttec
ctaccaggge
caccggegec
ttgccacatce
ccacgtccag
cecgetgegag
gatcgacgac
cacccecgge
cgecegtgecay
gcactacgeg
ggacgccagt
tctgcagatyg
ggtcaatgte
cgccacgecyg

cgtegtegtt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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259 260

-continued

acaaggacta gcgagacgge gecgtacacg ggegecatga cgecgacggt tgeggegagg 960

atgaagggga gggggtatga tcggcggggt tag 993

<210> SEQ ID NO 112

<211> LENGTH: 330

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 112

Met Pro Pro Ala Leu Pro Gln Leu Leu Thr Thr Val Leu Thr Ala Leu
1 5 10 15

Thr Leu Gly Ser Thr Ala Leu Ala His Ser His Leu Ala Tyr Ile Ile
20 25 30

Val Asn Gly Lys Leu Tyr Gln Gly Phe Asp Pro Arg Pro His Gln Ala
35 40 45

Asn Tyr Pro Ser Arg Val Gly Trp Ser Thr Gly Ala Val Asp Asp Gly
50 55 60

Phe Val Thr Pro Ala Asn Tyr Ser Thr Pro Asp Ile Ile Cys His Ile
65 70 75 80

Ala Gly Thr Ser Pro Ala Gly His Ala Pro Val Arg Pro Gly Asp Arg
85 90 95

Ile His Val Gln Trp Asn Gly Trp Pro Val Gly His Ile Gly Pro Val
100 105 110

Leu Ser Tyr Leu Ala Arg Cys Glu Ser Asp Thr Gly Cys Thr Gly Gln
115 120 125

Asn Lys Thr Ala Leu Arg Trp Thr Lys Ile Asp Asp Ser Ser Pro Thr
130 135 140

Met Gln Asn Val Ala Gly Ala Gly Thr Gln Gly Glu Gly Thr Pro Gly
145 150 155 160

Lys Arg Trp Ala Thr Asp Val Leu Ile Ala Ala Asn Asn Ser Trp Gln
165 170 175

Val Ala Val Pro Ala Gly Leu Pro Thr Gly Ala Tyr Val Leu Arg Asn
180 185 190

Glu Ile Ile Ala Leu His Tyr Ala Ala Arg Lys Asn Gly Ala Gln Asn
195 200 205

Tyr Pro Leu Cys Met Asn Leu Trp Val Asp Ala Ser Gly Asp Asn Ser
210 215 220

Ser Val Ala Ala Thr Thr Ala Ala Val Thr Ala Gly Gly Leu Gln Met
225 230 235 240

Asp Ala Tyr Asp Ala Arg Gly Phe Tyr Lys Glu Asn Asp Pro Gly Val
245 250 255

Leu Val Asn Val Thr Ala Ala Leu Ser Ser Tyr Val Val Pro Gly Pro
260 265 270

Thr Val Ala Ala Gly Ala Thr Pro Val Pro Tyr Ala Gln Gln Ser Pro
275 280 285

Ser Val Ser Thr Ala Ala Gly Thr Pro Val Val Val Thr Arg Thr Ser
290 295 300

Glu Thr Ala Pro Tyr Thr Gly Ala Met Thr Pro Thr Val Ala Ala Arg
305 310 315 320

Met Lys Gly Arg Gly Tyr Asp Arg Arg Gly
325 330

<210> SEQ ID NO 113
<211> LENGTH: 1221
<212> TYPE: DNA
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261 262

-continued

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 113

atgaagacat tcaccgccct cctggeegeca gecggecteg tegecggeca tggatatgte 60
gacaacgcca ccattggegg ccagttttat caggtactcet accgettcac ccaaggtecy 120
ctggccacaa ctctataggt gtcataaatt aacaagccac cgtcccgeayg ttetatcagg 180
tgtgcteget accgaccatg tggtccegte tcagcaagece actcacacge ccatgatcce 240
ctagecttac gtcgaccegt atttagecaac cttggcacgt agtatttatt gtcccaaata 300
ttgagctgaa ctgcacctee ctagaatcce geggtgctaa cattettteca gecegacagyg 360
gtetetegat ccatecceggyg caacggcceg gtcacggacyg tcactctcat cgacctgeag 420
tgcaacgcca attccaccee ggccaagete cacgccactyg cegetgeegyg cteggacgtyg 480
attctecget ggacgetetg gectgagteyg cacgttggece cegtcatcac ctacatggece 540
cgetgecceyg acacgggetyg ccaggactgg atgecgggea cttegtagga geccatettyg 600
caccatatce atttcaaccg gccacacgca ctgacccata tgtectgteta cccctgecagt 660
geggtetggt tcaagatcaa ggagggcgge cgcgacggca cttcecaacac ctgggecgac 720
gtacgtgtac ccegtcccag agagccaaag ccccccectte aacaaagcaa acatctcaat 780
agcccgagee tacgcactaa cccctcetect tecccctega aaacacagac cccgetgatg 840
acggecgcecca cctegtacac gtacacgatce cectectgece tgaagaaggyg ctactacctg 900
gtececgecacyg agatcatcege getgecacgee gectacacct acccceggege geagttcetac 960

cegggetgee accagetcaa cgtcacggge ggcgggteca cegtaccegte gageggectg 1020
gtggeccttte ccggggcgta caagggcagt gaccccggga ttacgtacga tgcgtataaa 1080
ggtgggttgg ctggttggce caggtcttgg tgatggggga atgtggtgat gaggtttatt 1140
atttgggatc ccgtggctaa cgtaaccctg ggtgtagege aaacgtacca gattcctggg 1200
ccggeggtet ttacttgetg a 1221
<210> SEQ ID NO 114

<211> LENGTH: 236

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 114

Met Lys Thr Phe Thr Ala Leu Leu Ala Ala Ala Gly Leu Val Ala Gly
1 5 10 15

His Gly Tyr Val Asp Asn Ala Thr Ile Gly Gly Gln Phe Tyr Gln Asn

Pro Ala Val Leu Thr Phe Phe Gln Pro Asp Arg Val Ser Arg Ser Ile
35 40 45

Pro Gly Asn Gly Pro Val Thr Asp Val Thr Leu Ile Asp Leu Gln Cys
50 55 60

Asn Ala Asn Ser Thr Pro Ala Lys Leu His Ala Thr Ala Ala Ala Gly
65 70 75 80

Ser Asp Val Ile Leu Arg Trp Thr Leu Trp Pro Glu Ser His Val Gly
85 90 95

Pro Val Ile Thr Tyr Met Ala Arg Cys Pro Asp Thr Gly Cys Gln Asp
100 105 110

Trp Met Pro Gly Thr Ser Ala Val Trp Phe Lys Ile Lys Glu Gly Gly
115 120 125

Arg Asp Gly Thr Ser Asn Thr Trp Ala Asp Thr Pro Leu Met Thr Ala
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264

130

Pro Thr Ser
145

Tyr Leu Val

Pro Gly Ala

Gly Gly Ser

195

Tyr Lys Gly
210

Thr Tyr Gln
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

135

Tyr Thr Tyr Thr Ile
150

Arg His Glu Ile Ile

165

Gln Phe Tyr Pro Gly

180

Thr Val Pro Ser Ser

200

Ser Asp Pro Gly Ile

215

Ile Pro Gly Pro Ala
230

D NO 115
H: 933
DNA

Pro

Ala

Cys

185

Gly

Thr

Val

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 115

atggcettge
ggcctegeca
acaacgccetyg
cectteacge
tcgategace
gegecgaccet
tggctgeace
gacgccgacyg
ccgaacctygyg
gacctgtgge
gagatcttgt
aatgtgaccyg
gcttacaaag
ggaggttaga
tgagtgtaac
acaattcceg
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

tgctecttgge
actacacagt
cttagtaact
cggeggecga
cgatctteag
cttacattce
cggtgggcece
tcaacgagge
ccgagggeat
ccgtcacgat
cgatccacgt
ggggtgggga
aagatagtga
ccegtegate
aggtcgagca
gagggccgat
D NO 116

H: 250
PRT

aggcttggec

gggcaacace

ccaccattte

ccagatcgge

cgtcaacgac

catccgegeyg

catgacggeg

gegetggtte

gtggtaccag

ceceggecgygy
cgaggataaa
cectgetgecy
gtgaaacgcyg
aagatcaata

aaaccaaaca

atgggatggg

Ser

Leu

170

His

Leu

Tyr

Phe

Cys

155

His

Gln

Val

Asp

Thr
235

attctggeeyg

tggtataggg

gagcgggcta

cagccgtgga

aaggcgcteg

ggcgagaaca

tggCtggCgC

aagatctggg

aaggcgttee

ctgaagageg

ccgecagtttt

cctgatgagt

aagcttcggt

tctactcgga

gatgccgatyg

tga

ISM: Thielavia terrestris

<400> SEQUENCE: 116

Met Ala Leu
1

His Ala His
Arg Gly Tyr
35

Trp Met Ile
50

Leu Leu Leu Ala Gly

5

Gly Gly Leu Ala Asn

20

Asp Pro Phe Thr Pro

40

Gln Arg Ala Trp Asp

55

Leu

Tyr

25

Ala

Ser

Ala

10

Thr

Ala

Ile

Ile

Val

Asp

Asp

140

Leu Lys Lys

Ala Ala Tyr

Leu Asn Val

190

Ala Phe Pro
205

Ala Tyr Lys
220

Cys

ggceggetca
ggtgcgtaag
acaccgggeyg
tgatccaacy
cctgcaacac
tcacggcegt
ggtgcgacgg
aggccggect
agaactggga
gectgtacat
atcccgagty
ttttggtgaa
agccattggyg
ccagtacgee

actgatgatc

Leu Ala Gly
Gly Asn Thr
30

Gln Ile Gly
45

Pro Ile Phe
60

Gly Tyr
160

Thr Tyr
175

Thr Gly

Gly Ala

Ala Gln

tgcccacgge
gggggcaccg
cagctacgac
cgegtgggac
cceggecacyg
gtactggtac
cgactgeege
gctcageggyg
cggcageecg
gatccggceac
tgcgcatcetyg
gtteceggge
ttgcgetgat
aatacaacgg

tcagaattac

Pro Ala
15
Trp Tyr

Gln Pro

Ser Val

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

933
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266

Asn Asp Lys
65

Tyr Ile Pro

Trp Leu His

Gly Asp Cys

115

Trp Glu Ala
130

Tyr Gln Lys
145

Val Thr Ile

Glu Ile Leu

Cys Ala His

195

Glu Phe Leu
210

Ile Lys Ile
225

Thr Ile Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

Ala Leu Ala Cys Asn

70

Ile Arg Ala Gly Glu

85

Pro Val Gly Pro Met

100

Arg Asp Ala Asp Val

120

Gly Leu Leu Ser Gly

135

Ala Phe Gln Asn Trp
150

Pro Ala Gly Leu Lys

165

Ser Ile His Val Glu

180

Leu Asn Val Thr Gly

200

Val Lys Phe Pro Gly

215

Asn Ile Tyr Ser Asp
230

Gly Gly Pro Ile Trp

245
D NO 117
H: 1584

DNA

<400> SEQUENCE: 117

atgatgcegt

acagcacata

tgcatcecgea

agcccagaca

taacccaatg

agcceeggeyg

cggetetate

catcagctee

cacagcegec

cgagcttecg

ccagaacgte

cgtccagggg

ccacgtecat

gacggcctac

ctccaccaac

cggegtgate

cgegtacgec

ceccttgtteg

cegtetteac

tggccaagaa

tggcttgtgg

cegegttgee

ggctccaagt

gacccatcce

gactcggety

aagaagtggg

cccactetge

accaacgacc

cctecgacca

gectecgace

accgtegteg

accaacgggce

ccegeagact

gacgaggecyg

cttcteaatg

cacgctttte

gggcagcgtt

tatgcectet

caggccgaga

tgagcttega

accteggete

ceggeectygyg

ccacagagaa

cggcgggata

acgtcgacce

ccceccacegt

cggggctgac

geceggecce

agcaacaaca

gccagcetcaa

gCthtgggC

Thr

Asn

Thr

105

Asn

Pro

Asp

Ser

Asp

185

Gly

Ala

Gln

Asp

Pro

Ile

90

Ala

Glu

Asn

Gly

Gly

170

Lys

Gly

Tyr

Tyr

Gly
250

Ala

75

Thr

Trp

Ala

Leu

Ser

155

Leu

Pro

Asp

Lys

Ala
235

ggtctggcga

atcaacggeg

tgcacccate

gegtttecce

cggacaacaa

gttcecgeaty

gacggcaatce

ctggttcaag

gctecatcgac

ctacctegee

gcagttctac

ccegecagac

cttcaacatc

cttectecccee

acaacagcaa

gaacgccaac

gtegteggee

Thr Ala Pro

Ala Val Tyr

Leu Ala Arg

110

Arg Trp Phe
125

Ala Glu Gly
140

Pro Asp Leu

Tyr Met Ile

Gln Phe Tyr

190

Leu Leu Pro
205

Glu Asp Asn
220

Asn Thr Thr

cegecttege
tcgaccaagg
ccattgetygyg
tgcgagaget
geegtggeat
tgggecgacyg
tacctcaaac
atctacgeceg
aacggeggec
cgcagcgaga
gttggetgeg
agactecgtet
tggcgegacy
accgeegece
caggcgataa
tggtgcggeyg

gactgctteg

Thr Ser
80

Trp Tyr
95

Cys Asp

Lys Ile

Met Trp

Trp Pro
160

Arg His
175

Pro Glu

Pro Asp

Pro Ser

Asn Tyr
240

ctegetgtec
ggacgggace
tggcctegac
ttcctegage
tcacctgece
ccteteagee
aagtctccaa
agggctacga
tgctgagcat
tcgtcaccat
cacagcetett
ccatcecegygy
accectecaa
ccacceccac
agcagacgga
ccgaggtgece

cccagetgga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



267

US 9,416,384 B2

268

-continued
cgectgetac acgteggege cgeccacggg cagecgegge tgeeggetgt gggaggactg 1080
gtgcaccgge attcagcagg getgcegege ggggceggtgg cgggggecge cgecctttea 1140
tggggagggg gcagcagegg aggtgtgaac ggttcgggga cgggtggegg tggtggtggt 1200
ggtggtggtyg gcactggcte ttettecgget tectgccccga cggagacggce ctetgctgge 1260
cgggggggey caagaatage tgcegtggee ggetgeggag gegggacagg agacatggtt 1320
gaagaggttt tcctctttta ttgggacgct tgcagecgget ggcgacggag ccgtggtggt 1380
ggttcgatte ttgcgaggct tatccttcat gtcecttctte cacttttgag accgaggcga 1440
gccectegag tcecatttact tctettecac ctgtacctceca acttcetgtta tceccaggaacce 1500
agtggtttct ataatcgecct gagcattaaa ctaggcatat ggccaagcaa aatgtcgect 1560
gatgtagcge attacgtgaa ataa 1584

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

D NO 118
H: 478
PRT

<400> SEQUENCE: 118

Met Met Pro
1

Ala Ser Leu

Gly Val Asp

Ser Val Cys
50

Ala Cys Gly
65

Pro Ala Gly

Ser Gln Pro

Tyr Leu Lys
115

Gly Trp Phe
130

Trp Ala Thr
145

Leu Pro Pro

Val Thr Ile

Val Gly Cys
195

Val Pro Pro
210

Asp Pro Gly
225

Ala Tyr Thr

Thr Pro Thr

Ser Leu Val Arg Phe

5

Ser Thr Ala His Thr

20

Gln Gly Asp Gly Thr

40

Thr His Pro Ile Ala

55

Arg Asp Gly Gln Gln

70

Ser Lys Leu Ser Phe

85

Gly Ser Ile Asp Pro

100

Gln Val Ser Asn Ile

120

Lys Ile Tyr Ala Glu

135

Glu Lys Leu Ile Asp
150

Thr Leu Pro Ala Gly

165

Gln Asn Val Thr Asn

180

Ala Gln Leu Phe Val

200

Asp Arg Leu Val Ser

215

Leu Thr Phe Asn Ile
230

Val Val Gly Pro Ala

245

Ser Thr Asn Thr Asn

260

Ser

Val

25

Cys

Gly

Ala

Glu

Ser

105

Ser

Gly

Asn

Tyr

Asp

185

Gln

Ile

Trp

Pro

Gly
265

Met

10

Phe

Ile

Gly

Val

Phe

90

His

Ser

Tyr

Gly

Tyr

170

His

Gly

Pro

Arg

Phe
250

Gln

Gly

Thr

Arg

Leu

Ala

75

Arg

Leu

Asp

Asp

Gly

155

Leu

Val

Pro

Gly

Asp

235

Ser

Gln

Leu Ala Thr
Thr Leu Phe
30

Met Ala Lys
45

Asp Ser Pro
60

Phe Thr Cys

Met Trp Ala

Gly Ser Thr

110

Ser Ala Ala
125

Thr Ala Ala
140

Leu Leu Ser

Ala Arg Ser

Asp Pro Gln
190

Pro Thr Thr
205

His Val His
220

Asp Pro Ser

Pro Thr Ala

Gln Gln Gln
270

Ala Phe
15

Ile Asn

Lys Gly

Asp Met

Pro Ala
80

Asp Ala
95

Ala Ile

Gly Pro

Lys Lys

Ile Glu

160

Glu Ile
175

Phe Tyr

Pro Thr

Ala Ser

Lys Thr

240

Ala Pro
255

Gln Gln
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270

Gln Ala Ile
275

Lys Asn Ala
290

Ala Gly Cys
305

Cys Tyr Thr

Glu Asp Trp

Arg Gly Pro

355

Ser Ala Gly
370

Gly Gly Thr
385

Ala Cys Ser

Arg Leu Ile

Pro Arg Val

435

Pro Gly Thr
450

Trp Pro Ser
465

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Gln Thr Asp Gly

280

Asn Trp Cys Gly Ala

295

Trp Ala Ser Ser Ala
310

Ser Ala Pro Pro Thr

325

Cys Thr Gly Ile Gln

340

Pro Pro Phe His Gly

360

Arg Gly Gly Ala Arg

375

Gly Asp Met Val Glu
390

Gly Trp Arg Arg Ser

405

Leu His Val Leu Leu

420

His Leu Leu Leu Phe

440

Ser Gly Phe Tyr Asn

455

Lys Met Ser Pro Asp
470

D NO 119
H: 868
DNA

Val Ile Pro

Glu Val Pro

Asp Cys Phe

315

Gly Ser Arg
330

Gln Gly Cys
345

Glu Gly Ala

Ile Ala Ala

Glu Val Phe
395

Arg Gly Gly
410

Pro Leu Leu
425

His Leu Tyr

Arg Leu Ser

Val Ala His
475

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 119

atgcagctce

accecctttece

cctatcagac

ggttacgege

cgacattege

caccgtecat

cgccaaggta

caagatctecg

gagtaggaac

ggagagaccg

cacgaccatc

getgcaccety

gattacggge

gagcaacgac

gccecgggcecg

<210> SEQ I

tcegtgggett

gegtgectee

acatttccca

atgaccaaga

tgctacacgt

tacatatcga

ceggegggge

accaccatge

aattcceget

ttgactgacg

ccegecgata

gectegcage

ggcggcaacg

ccgggeattt

ccggtgtgga

D NO 120

getgettgea

cagcctcaag

gactcgtggt

acgcgcagag

cgcagacgge

ctcagcagat

cgteggecaa

cttacttgga

ccaatctteg

gggcaaccca

cgceccagtygyg

ccaacgggygce

gecacgecegyg

tggtcaacat

gtggctga

geegtggetg

gcaagaagac

aaatgggcag

caagcaggga

gectaacgty

caaccacccg

gacgtgggac

caacaacaag

atttggectt

accttcatca

ggaatacctce

tcagttctac

ccegetagte

ctactctatg

Ala Asp Cys
285

Ala Tyr Ala
300

Ala Gln Leu

Gly Cys Arg

Arg Ala Gly

350

Ala Ala Glu
365

Val Ala Gly
380

Leu Phe Tyr

Gly Ser Ile

Arg Pro Arg

430

Leu Asn Phe
445

Ile Lys Leu
460

Tyr Val Lys

ctcgagcaca
gcacgcagca
cccgaggaca
gtccaggace
gctacggtece
ggcecgacge
gggtcagggyg
cagcttgtet
gagctacgge
gacacgtaca
ctcegggteg
ctggectget
gegttgeegg

cagcceggeg

Gln Leu

Asp Glu

Asp Ala
320

Leu Trp
335

Arg Trp

Thr Ala

Cys Gly

Trp Asp

400

Leu Ala
415

Arg Ala

Cys Tyr

Gly Ile

ttgtatttct
gctaacggac
aggactggte
cgaccagtee
ctgccggage
agtactacct
cegtetggtt
ggccgaatca
cgattgcatg
cgacggtcaa
agcagatcge
cgcagatcca
gggegtacaa

attacaagcc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

868
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272

<211> LENGT.
<212> TYPE:
<213> ORGAN

H: 230
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 120

Met Gln Leu
1

His Tyr Thr
Asp Trp Ser
35

Val Gln Asp
50

Ala Pro Asn
65

Ser Thr Gln

Lys Val Pro

Val Trp Phe

115

Gln Leu Val
130

Ile Pro Ala
145

Ile Ala Leu

Ala Cys Ser

Pro Leu Val

195

Leu Val Asn
210

Pro Pro Val
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

Leu Val Gly Leu Leu

5

Phe Pro Arg Leu Val

20

Val Thr Arg Met Thr

40

Pro Thr Ser Pro Asp

55

Val Ala Thr Val Pro

70

Gln Ile Asn His Pro

85

Ala Gly Ser Ser Ala

100

Lys Ile Ser Thr Thr

120

Trp Pro Asn Gln Asn

135

Asp Thr Pro Ser Gly
150

His Leu Ala Ser Gln

165

Gln Ile Gln Ile Thr

180

Ala Leu Pro Gly Ala

200

Ile Tyr Ser Met Gln

215

Trp Ser Gly
230

D NO 121
H: 1068
DNA

<400> SEQUENCE: 121

atgaagctgt

cgtaggttee

tgtagaaatc

ccggtaatat

tggcctggga

ccecegeagac

ccagcaagac

gggacggcaa

ctegtgetee

caaccggege

acctggegge

cecgtetatet

cacgggattce

ctaccttget

gggegectac

ggacatcaac

tgagacggec

cggcaagtac

gaacgacgac

cgecegtetee

ctttctagge

ccctaggggt

tacttgtcaa

cteccettette

gaaccggaaa

aacccgaaca

gacatactgg

ggegtgttet

ctggaggact

aataccgagt

Leu

Val

25

Lys

Ile

Ala

Gly

Lys

105

Met

Thr

Glu

Pro

Gly

185

Tyr

Pro

Ala

10

Asn

Asn

Arg

Gly

Pro

90

Thr

Pro

Tyr

Tyr

Asn

170

Gly

Lys

Gly

Ala

Gly

Ala

Cys

Ala

75

Thr

Trp

Tyr

Thr

Leu

155

Gly

Gly

Ser

Asp

geegtegeca

agcaccacga

cggcaccgaa

cacaaccagc

aataccccaa

tcacctgegy

ceggetcaga

ggcatccegyg

accgcggega

ggctgctgtg

Val Ala Ala
Gln Pro Glu
30

Gln Ser Lys

Tyr Thr Ser
60

Thr Val His

Gln Tyr Tyr

Asp Gly Ser
110

Leu Asp Asn
125

Thr Val Asn
140

Leu Arg Val

Ala Gln Phe

Asn Gly Thr
190

Asn Asp Pro
205

Tyr Lys Pro
220

ccecegggage

ctaatttctc
acgccggaat
ctaacacatc
caccgagtte
caggaacgcg
ggteggette
gecggggeag
cggagactgg

gaacaagcat

Arg Ala
15

Asp Lys

Gln Gly

Gln Thr

Tyr Ile
80

Leu Ala
95

Gly Ala

Asn Lys

Thr Thr

Glu Gln
160

Tyr Leu
175

Pro Gly

Gly Ile

Pro Gly

gttegeteat
gtegteccce
ggaaatacgt
atcagtgacg
tttaagacgce
ttcgactegy
cgegtetegt
atctacctet

ttcaagatcg

gacgtgagce

60

120

180

240

300

360

420

480

540

600
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ccaacattce
agagactaac
cgggcaagta
ggtacgtcaa
ttgccaggtt
cagaggecte
ggcatcaagg
aggctgeteg
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

tcgeccaate
tccagaggaa
cctgatgege
ctgegeccac
tcceggeace
gggatagett
tgcecgttgaa
agtacaagcc
D NO 122

H: 257
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 122

Met Lys Leu
1

Ala Phe Ala
Thr Pro Glu
35

Glu Pro Glu
50

Thr Asp Ile
65

Ser Ala Ser

Gly Phe Arg

His Pro Gly

115

Leu Glu Asp
130

Ala Ala Val
145

Asn Phe Thr

Ile Glu Gln

Asn Cys Ala
195

Gly Phe Ala
210

Lys Val Pro
225

Gln Leu Arg

Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

gatccccaac

cctacctagt

atcgagcagt

gtcaacatca

tacactgttg

gctaacctty

ccagategte

ccegggecca

Tyr Leu Ala Ala Phe

5

His Gln Ile His Gly

20

Trp Lys Tyr Val Arg

40

Lys Tyr Pro Asn Thr

55

Asn Asn Pro Asn Ile

70

Lys Thr Glu Thr Ala

85

Val Ser Trp Asp Gly

100

Pro Gly Gln Ile Tyr

120

Tyr Arg Gly Asp Gly

135

Ser Asn Thr Glu Trp
150

Ile Pro Lys Thr Thr

165

Phe Met Pro Ser Thr

180

His Val Asn Ile Ile

200

Arg Phe Pro Gly Thr

215

Leu Asn Gln Ile Val
230

Leu Leu Glu Tyr Lys

245
D NO 123
H: 871

DNA

ctggtcacca

tcaacttcac

tcatgececte

teggeccegy

acgatccegyg

tttgctetet

aacagcggag

gegetgtgga

Leu

Ile

25

Asp

Glu

Thr

Asp

Asn

105

Leu

Asp

Leu

Pro

Val

185

Gly

Tyr

Asn

Pro

Gly

Leu

Val

Phe

Cys

Ile

90

Gly

Ser

Trp

Leu

Pro

170

Glu

Pro

Thr

Ser

Pro
250

<213> ORGANISM: Thermoascus crustaceus

Ala

Leu

Ala

Phe

Gly

Leu

Lys

Arg

Phe

Trp

155

Gly

Tyr

Gly

Val

Gly

235

Gly

tggcggegte cgggatgcaa

catccccaag

cacggtcgaa

cggaggcacg

taagccggac

ctctttttcet

agttgccgea

ctggttga

Val

Val

Trp

Lys

60

Arg

Ala

Tyr

Ala

Lys

140

Asn

Lys

Ser

Gly

Asp

220

Glu

Pro

Ala

Asn

Glu

45

Thr

Asn

Gly

Gly

Pro

125

Ile

Lys

Tyr

Gln

Gly

205

Asp

Leu

Ala

Thr

Gly

30

Gly

Pro

Ala

Ser

Val

110

Asn

Ala

His

Leu

Trp

190

Thr

Pro

Pro

Leu

acgacgcege
tacagccagt
ccgacggget
ctaccggaca
ctceccgacta

ggaccaactg

Pro Gly
15

Thr Glu

Ala Tyr

Pro Gln

Phe Asp

Glu Val

95

Phe Trp

Asp Asp

Thr Gly

Asp Phe

160

Met Arg
175

Tyr Val

Pro Thr

Gly Ile

Gln Asp
240

Trp Thr
255

660

720

780

840

900

960

1020

1068
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-continued

<400> SEQUENCE: 123

atggectttt cccagataat ggctattacc ggegttttte ttgectcetge ttceectggtyg 60
gectggecatyg getttgttca gaatatcgtg attgatggta aaaggtacct aactacctac 120
cttactatct gatgtcattt acaagaaagg gcacagacac aagcggcaaa aaaaagaaag 180
aaagaaagaa agaaagaaag ctgacaaaaa ttcaacaagt tatggcgggt acatcgtgaa 240
ccaatatcca tacatgtcag atcctececgga ggtcegtegge tggtctacca ccgcaaccga 300
ccteggatte gtggacggta ccggatacca aggacctgat atcatctgec acaggggcege 360
caagcctgca gccctgactg cccaagtgge cgecggagga accgtcaage tggaatggac 420
tccatggect gattctcacce acggcceggt gatcaactac cttgctcctt gcaacggtga 480
ctgtteccace gtggacaaga cccaattgaa attcttcaag atcgcccagyg ccggtctcat 540
cgatgacaac agtcctectg gtatctggge ctcagacaat ctgatagegyg ccaacaacag 600
ctggactgte accatcccaa ccacaactge acctggaaac tatgttctaa ggcatgagat 660
cattgctcete cactcagetyg ggaacaagga tggtgcgcag aactatcccce agtgcatcaa 720
cctgaaggte actggaaatg gttctggeaa tectectget ggtgetcettyg gaacggcact 780
ctacaaggat acagatccgg gaattctgat caatatctac cagaaacttt ccagctatgt 840
tattcectggt cctgectttgt acactggtta g 871

<210> SEQ ID NO 124

<211> LENGTH: 251

<212> TYPE: PRT

<213> ORGANISM: Thermoascus crustaceus

<400> SEQUENCE: 124

Met Ala Phe Ser Gln Ile Met Ala Ile Thr Gly Val Phe Leu Ala Ser
1 5 10 15

Ala Ser Leu Val Ala Gly His Gly Phe Val Gln Asn Ile Val Ile Asp
20 25 30

Gly Lys Ser Tyr Gly Gly Tyr Ile Val Asn Gln Tyr Pro Tyr Met Ser
35 40 45

Asp Pro Pro Glu Val Val Gly Trp Ser Thr Thr Ala Thr Asp Leu Gly
50 55 60

Phe Val Asp Gly Thr Gly Tyr Gln Gly Pro Asp Ile Ile Cys His Arg
65 70 75 80

Gly Ala Lys Pro Ala Ala Leu Thr Ala Gln Val Ala Ala Gly Gly Thr
85 90 95

Val Lys Leu Glu Trp Thr Pro Trp Pro Asp Ser His His Gly Pro Val
100 105 110

Ile Asn Tyr Leu Ala Pro Cys Asn Gly Asp Cys Ser Thr Val Asp Lys
115 120 125

Thr Gln Leu Lys Phe Phe Lys Ile Ala Gln Ala Gly Leu Ile Asp Asp
130 135 140

Asn Ser Pro Pro Gly Ile Trp Ala Ser Asp Asn Leu Ile Ala Ala Asn
145 150 155 160

Asn Ser Trp Thr Val Thr Ile Pro Thr Thr Thr Ala Pro Gly Asn Tyr
165 170 175

Val Leu Arg His Glu Ile Ile Ala Leu His Ser Ala Gly Asn Lys Asp
180 185 190

Gly Ala Gln Asn Tyr Pro Gln Cys Ile Asn Leu Lys Val Thr Gly Asn
195 200 205
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Gly Ser Gly Asn Pro Pro Ala

210

Asp Thr Asp Pro Gly Ile Leu

225

Tyr Val Ile Pro Gly Pro Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thermoascus

<400> SEQUE:
atgtcattct
getcatggtt
accttcageca
tcecctacace
gtttgtggac
tggtgcccag
geccgagtet
atctgttgat
caacggtget
caccatccca
ccattetgec
cactggtagt
tgatcctgge
tgctetgtat
aattcagaat
gtcagccace
agcctcacca
ggatgaggte
tgcgegggat
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

215

230

245
D NO 125
H: 1102

DNA

NCE: 125

cgaagatact

atgtccaggg

cgtactgtac

gctcaaccte

ggcagtggct

agcgccaaag

cacaagggcc

aagactgcac

ggaacatggg

agcacaattg

ggaaacaaag

ggcaccgaaa

cttetggtea

agcggcaaca

getgetgetyg

cagactgcta

geteccgata

ctcaccctygyg

ctttctcact

D NO 126

H: 349
PRT

ISM: Thermoascus

<400> SEQUENCE: 126

Met Ser Phe
1

Ser Ser Ala

Ser Tyr Tyr

Pro Pro Glu
50

Val Asp Gly
65

tgctateget

aattgttgte

taacaatcag

cggaactcat

atacttctcce

tggcagctgg

cagttattga

taaagttett

cctetgatac

cttecceggaaa

atggtgctca

accctgetygyg

acatctacca

gtgataacgce

ctcectecac

gtgtcgecge

ctggaagcga

tgcgcgggac

ga

Ser Lys Ile Leu Ala

5

Ala Ala His Gly Tyr

20

Gly Gly Tyr Met Val

40

Leu Ile Ala Trp Ser

55

Ser Gly Tyr Thr Ser

70

Gly Ala Leu

Ile Asn Ile

Leu Tyr Thr

250

crustaceus

Gly

Tyr
235

Gly

ggggccatta

gatggcagcet

cagctacggyg

cgectggtec

tgatatcatc

agggaccgtt

ctacctegee

taagattgac

gttgatcaaa

ctacgtacta

gaactatcce

cactctegga

gggtctgtee

tggttececte

ttccacagca

cacgactcca

cgtaaccaaa

cctgtettygy

Ile

Val

25

Thr

Thr

Pro

crustaceus

Ala

10

Gln

Gln

Lys

Asp

Gly

Gly

Tyr

Ala

Ile
75

Thr Ala Leu
220

Gln Lys Leu

cctacgeate
agtatgtcac
ggatatatgg
actaaagcaa
tgccataagyg
gagctgcagt
gectgegacyg
gagagtggte
aataacaaca
agacacgaaa
cagtgtatca
acagcgettt
aactattcaa
aaccctacca
tetgttgtca
gectccactt
tatctggatt

ctggttteta

Ala Ile Thr

Ile Val Val
30

Pro Tyr Thr

Thr Asp Leu

60

Ile Cys His

Tyr Lys

Ser Ser
240

ttcagctgee
tctggatgga
tgacccaata
ccgatettygyg
gtgctgagece
ggacggcatg
gggactgcete
tgattgacgg
getggactgt
taattgcget
acctcgaggt
acacagacac
tcecectggtec
ccacgeegte
ctgattctte
cggetgttac
cgatgagete

acaagaaaca

Tyr Ala

15

Asp Gly

Ala Gln

Gly Phe

Lys Gly
80

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1102
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280

Ala Glu Pro

Glu Leu Gln

Asp Tyr Leu

115

Ala Leu Lys
130

Gly Ala Gly
145

Trp Thr Val

Arg His Glu

Gln Asn Tyr

195

Glu Asn Pro
210

Pro Gly Leu
225

Pro Gly Pro

Asn Pro Thr

Thr Ser Thr

275

Ala Ser Val
290

Ser Pro Ala
305

Met Ser Ser

Leu Val Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thermoascus

Gly Ala Gln Ser Ala

85

Trp Thr Ala Trp Pro

100

Ala Ala Cys Asp Gly

120

Phe Phe Lys Ile Asp

135

Thr Trp Ala Ser Asp
150

Thr Ile Pro Ser Thr

165

Ile Ile Ala Leu His

180

Pro Gln Cys Ile Asn

200

Ala Gly Thr Leu Gly

215

Leu Val Asn Ile Tyr
230

Ala Leu Tyr Ser Gly

245

Thr Thr Pro Ser Ile

260

Ala Ser Val Val Thr

280

Ala Ala Thr Thr Pro

295

Pro Asp Thr Gly Ser
310

Asp Glu Val Leu Thr

325

Asn Lys Lys His Ala

340

D NO 127
H: 1493
DNA

<400> SEQUENCE: 127

atgttgtcat

gctcatgete

gtctgeatte

agcaaggata

catatctact

ccteccgagt

ccaacaaccc

tgaaaaaggt

tctgggagte

acaacgggca

tcattcccac

acactttgat

gcatgaacaa

tegectgegy

agaatcggag

ctgcccagte

aaactcctcece

cgacteegec

cgtctacgac

catcteegte

caagtcagct

gaccaccatg

tgacggcgga

taagtaccca

caatgttaag

aaggcatctt

cctetegate

atcgcgagca

gagtccacgg

aaggtgceeg

Lys

Glu

105

Asp

Glu

Thr

Ile

Ser

185

Leu

Thr

Gln

Asn

Gln

265

Asp

Ala

Asp

Leu

Arg
345

Val

Ser

Cys

Ser

Leu

Ala

170

Ala

Glu

Ala

Gly

Ser

250

Asn

Ser

Ser

Val

Val

330

Asp

crustaceus

Ala

His

Ser

Gly

Ile

155

Ser

Gly

Val

Leu

Leu

235

Asp

Ala

Ser

Thr

Thr

315

Arg

Leu

gegetgacga

tttgtggacy

actgccaata

gatgtcatca

tatttccagyg

ccaccctaac

catcgcacaa

acaacgccge

gcaaatgggg

atgatatcga

Ala Gly Gly

Lys Gly Pro
110

Ser Val Asp
125

Leu Ile Asp
140

Lys Asn Asn

Gly Asn Tyr

Asn Lys Asp
190

Thr Gly Ser
205

Tyr Thr Asp
220

Ser Asn Tyr

Asn Ala Gly

Ala Ala Ala
270

Ser Ala Thr
285

Ser Ala Val
300

Lys Tyr Leu

Gly Thr Leu

Ser His

ctcttctact
gegtcaacca
cctatatcca
tactctgeca
catccaagge
ctteccaatte
aggccecgec
cggagacage
cacgaccaag

gggtggttac

Thr Val
95

Val Ile

Lys Thr

Gly Asn

Asn Ser
160

Val Leu
175

Gly Ala

Gly Thr

Thr Asp

Ser Ile
240

Ser Leu
255

Pro Ser

Gln Thr

Thr Ala

Asp Ser
320

Ser Trp
335

tcttggaaca
gggagatggt
gectatcacg
taacatcegt
gaaatcggeg
cgcgagcaac
geggtgtace
tggttcaaga
atgatcgaga

tatcttgece

60

120

180

240

300

360

420

480

540

600
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282

-continued
ggacggagcet gctggegceta cattcectgegg atcaggggga tcecgcagtte tatgttgget 660
gtgcgcaget gtttatcgat tcggatggga cggcgaaacc geccactgtt tctattggag 720
aggggacgta cgatctgagc atgcctgeca tgacgtataa tatctgggag acaccgttgg 780
ctetgecgta tcecgatgtat gggcectectg tetatacgece tggetetggt tetggatcag 840
tcegtgegac gagetcettet getgtceecta ctgcaaccga atcectetttt gtagaggaaa 900
gagcaaacce cgtcacggca aacagtgttt attctgcaag gggcaaattc aaaacctgga 960
ttgataaact gtcatggcgce gggaaggtce gtgagaacgt cagacaagcc gcgggaagaa 1020
gaagcactct cgtccagact gtgggtctaa agccaaaagg ctgcatcttc gtcaatggaa 1080
actggtgecgg cttcgaggtt cccgactaca acgatgcgga gagctgctgg getgtatgtt 1140
ccectectta gectettaca tecctaagta ctacatttga aaacaacaaa aagaaatgta 1200
tatactaact acgtacgctc tactctaggc ctceccgacaac tgctggaaac agtccgacgc 1260
ctgctggaac aagacccaac ccacgggceta caataactge cagatctgge aggacaagaa 1320
atgcaaggtc atccaggatt cctgtagegg acccaacceg catggaccac cgaataaggg 1380
caaggatttg actccggagt ggccgccact gaagggctcg atggatacgt tcectccaageg 1440
tactatcggt taccgcgatt ggattgttag aaggagaggt gcatgagggt gta 1493

<210> SEQ ID NO 128
<211> LENGTH: 436

<212> TYPE

<213> ORGANISM: Thermoascus

PRT

<400> SEQUENCE: 128

Met Leu Ser Phe Ile Pro Thr Lys

1

5

Leu

Asp

Gly

Ala

65

Lys

Pro

Tyr

Asp

Lys

145

Lys

Leu

Gly

Thr

Leu

Gly

Gly

Cys

Ala

Asn

Leu

Ser

130

Trp

Val

Leu

Cys

Val
210

Gly

Val

35

Thr

Gly

Ser

Ser

Lys

115

Trp

Gly

Pro

Ala

Ala
195

Ser

Thr

20

Asn

Ala

Ile

Ser

Ser

100

Lys

Phe

Thr

Asp

Leu
180

Gln

Ile

Ala His

Gln Gly

Asn Thr

Gln Gly

70

Thr Leu
85

Pro Leu

Val Asp

Lys Ile

Thr Lys
150

Asp Ile
165
His Ser

Leu Phe

Gly Glu

Ala

Asp

Tyr

55

Glu

Thr

Asp

Ser

Trp

135

Met

Glu

Ala

Ile

Gly
215

His

Gly

40

Ile

Ile

Phe

Pro

Ala

120

Glu

Ile

Gly

Asp

Asp

200

Thr

Ser

Thr

25

Val

Gln

Gly

Gln

Ser

105

Ile

Ser

Glu

Gly

Gln
185

Ser

Tyr

crustaceus

Ala

10

Leu

Cys

Pro

Ala

Phe

90

His

Ala

Val

Asn

Tyr
170
Gly

Asp

Asp

Ala

Met

Ile

Ile

Ser

75

Arg

Lys

Ser

Tyr

Asn

155

Tyr

Asp

Gly

Leu

Leu Thr Thr

Leu Leu
15

Thr

Arg

Thr

60

Arg

Glu

Gly

Asn

Asp

140

Gly

Leu

Pro

Thr

Ser
220

Thr

Met

45

Ser

Val

Gln

Pro

Asn

125

Glu

His

Ala

Gln

Ala
205

Met

Met

30

Asn

Lys

Cys

Pro

Ala

110

Ala

Ser

Ile

Arg

Phe
190

Lys

Pro

Phe

Asn

Asp

Pro

Asn

95

Ala

Ala

Thr

Ser

Thr

175

Tyr

Pro

Ala

Val

Asp

Ile

Val

80

Asn

Val

Gly

Gly

Val

160

Glu

Val

Pro

Met
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Thr Tyr Asn
225

Gly Pro Pro

Thr Ser Ser

Glu Arg Ala

275

Lys Phe Lys
290

Glu Asn Val
305

Val Gly Leu

Gly Phe Glu

Ser Asp Asn

355

Pro Thr Gly
370

Val Ile Gln
385

Lys Gly Lys

Asp Thr Phe

Arg Arg Gly
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile Trp Glu Thr Pro
230

Val Tyr Thr Pro Gly

245

Ser Ala Val Pro Thr

260

Asn Pro Val Thr Ala

280

Thr Trp Ile Asp Lys

295

Arg Gln Ala Ala Gly
310

Lys Pro Lys Gly Cys

325

Val Pro Asp Tyr Asn

340

Cys Trp Lys Gln Ser

360

Tyr Asn Asn Cys Gln

375

Asp Ser Cys Ser Gly
390

Asp Leu Thr Pro Glu

405

Ser Lys Arg Thr Ile

420

Ala

D NO 129
H: 1415
DNA

Leu Ala Leu
235

Ser Gly Ser
250

Ala Thr Glu
265

Asn Ser Val

Leu Ser Trp

Arg Arg Ser

315

Ile Phe Val
330

Asp Ala Glu
345

Asp Ala Cys

Ile Trp Gln

Pro Asn Pro
395

Trp Pro Pro
410

Gly Tyr Arg
425

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 129

atggtccatce

ctcacgagag

agcagccaaa

ggactctgeyg

aaactccatg

gttgttttgt

aatggagacg

ctggtetgge

actctctaac

atgaagaatc

gttgtcaatg

ctgtcaatct

teggeccage

aactctacta

tatcttcatt

gaggaacagce

gccaaaggac

tatgtcgege

aaggtttget

ttggatagtg

cegtggteaa

acagtcagct

agttgacagt

atatcaccaa

aaggtttgtt

agccctgaac

atacattcct

caacgactac

ggcagcagce

tttgacattg

taaagtactt

aactgagcaa

tacgtetgec

ggatgccace

tctggegaac

accgaactgg

ctctageggy

tgtggttact

gctecatceta

gaggacggta

attgcgtteg

aacattgaat

ctggetgete

ctatagtgta

tggtteccgee

caccgatgat

tccectggage

gagccttete

aagaatggec

ggtatgtaaa

tcatggacca

cactacaagg

tcctcaatag

ctttcegtaa

ccacggetge

actcaggege

Pro Tyr Pro

Gly Ser Val

Ser Ser Phe
270

Tyr Ser Ala
285

Arg Gly Lys
300

Thr Leu Val

Asn Gly Asn

Ser Cys Trp
350

Trp Asn Lys
365

Asp Lys Lys
380

His Gly Pro

Leu Lys Gly

Asp Trp Ile
430

tgcctetgta
tatggagctyg
acggacaatc
tttggtcaaa
attgcctcaa
agaattcttt
agctgatgeg
cgtettgtet
atgcgaccect
ggaagtgcta
ttcttttgaa
ctetgtette
tgccgcagat

caaagcgact

Met Tyr
240

Arg Ala
255

Val Glu

Arg Gly

Val Arg

Gln Thr
320

Trp Cys
335

Ala Ala

Thr Gln

Cys Lys

Pro Asn

400

Ser Met
415

Val Arg

tgtttaccca
gectgaacac
cagagctcac
tcacaccegyg
aagctaattg
ttcgttecgea
atgccatact
attctcaaat
tttggeggee
cgectgggat
actgacaagce
taccagatca
cccgacgtga

getgegcaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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atatcgtcaa gatgatcaag gcctacggeg cgaagatcga cggegtceggce ctccaggcac 900
actttatcgt cggcagcact ccgagtcaat cggatctgac gaccgtcttg aagggctaca 960

ctgctetegg cgttgaggtyg gectataccg aacttgacat ccgcatgcag ctgccctega 1020
cecgecgcaaa gctggeccag cagtccactg acttccaagg cgtggccgea gcatgegtta 1080
gcaccactgg ctgecgtgggt gtcactatct gggactggac cgacaagtac tcctgggtcece 1140
ccagcgtgtt ccaaggctac ggcgccccat tgccttggga tgagaactat gtgaagaagc 1200
cagcgtacga tggectgatg gegggtettg gagcaagegyg ctecggcacce acaacgacca 1260
ctactactac ttctactacg acaggaggta cggaccctac tggagtcgct cagaaatggg 1320
gacagtgtgg cggtattggc tggaccgggce caacaacttg tgtcagtggt accacttgece 1380
aaaagctgaa tgactggtac tcacagtgcc tgtaa 1415
<210> SEQ ID NO 130

<211> LENGTH: 397

<212> TYPE: PRT

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 130

Met Val His Leu Ser Ser Leu Ala Ala Ala Leu Ala Ala Leu Pro Leu
1 5 10 15

Val Tyr Gly Ala Gly Leu Asn Thr Ala Ala Lys Ala Lys Gly Leu Lys
20 25 30

Tyr Phe Gly Ser Ala Thr Asp Asn Pro Glu Leu Thr Asp Ser Ala Tyr
35 40 45

Val Ala Gln Leu Ser Asn Thr Asp Asp Phe Gly Gln Ile Thr Pro Gly
50 55 60

Asn Ser Met Lys Trp Asp Ala Thr Glu Pro Ser Gln Asn Ser Phe Ser
65 70 75 80

Phe Ala Asn Gly Asp Ala Val Val Asn Leu Ala Asn Lys Asn Gly Gln
85 90 95

Leu Met Arg Cys His Thr Leu Val Trp His Ser Gln Leu Pro Asn Trp
100 105 110

Val Ser Ser Gly Ser Trp Thr Asn Ala Thr Leu Leu Ala Ala Met Lys
115 120 125

Asn His Ile Thr Asn Val Val Thr His Tyr Lys Gly Lys Cys Tyr Ala
130 135 140

Trp Asp Val Val Asn Glu Ala Leu Asn Glu Asp Gly Thr Phe Arg Asn
145 150 155 160

Ser Val Phe Tyr Gln Ile Ile Gly Pro Ala Tyr Ile Pro Ile Ala Phe
165 170 175

Ala Thr Ala Ala Ala Ala Asp Pro Asp Val Lys Leu Tyr Tyr Asn Asp
180 185 190

Tyr Asn Ile Glu Tyr Ser Gly Ala Lys Ala Thr Ala Ala Gln Asn Ile
195 200 205

Val Lys Met Ile Lys Ala Tyr Gly Ala Lys Ile Asp Gly Val Gly Leu
210 215 220

Gln Ala His Phe Ile Val Gly Ser Thr Pro Ser Gln Ser Asp Leu Thr
225 230 235 240

Thr Val Leu Lys Gly Tyr Thr Ala Leu Gly Val Glu Val Ala Tyr Thr
245 250 255

Glu Leu Asp Ile Arg Met Gln Leu Pro Ser Thr Ala Ala Lys Leu Ala
260 265 270
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Gln Gln Ser
275

Thr Gly Cys
290

Trp Val Pro
305

Glu Asn Tyr

Gly Ala Ser

Thr Thr Gly

355

Cys Gly Gly
370

Thr Cys Gln
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Asp Phe Gln Gly

280

Val Gly Val Thr Ile

295

Ser Val Phe Gln Gly
310

Val Lys Lys Pro Ala

325

Gly Ser Gly Thr Thr

340

Gly Thr Asp Pro Thr

360

Ile Gly Trp Thr Gly

375

Lys Leu Asn Asp Trp
390

D NO 131
H: 2564
DNA

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 131

ggacagccgg

cccacggecc

gatctctace

ccectcaaga

ctcatctege

gtgcctegee

cgegecaact

atcctcacta

acccaagete

gtcaatggcet

tttttectea

cctgageace

tggaacaacc

tactacactc

gcatacaact

ttgcgegaga

tacaacgttt

ctgegagecyg

tttgtggeeyg

aacctegtec

gatgtcgtca

ctgctcaaga

ggaccatggg

ctcatcagec

acgcaatggt

tggcgcagaa

ccgagacact

acaatctegt

tcttcaccct

tgggtettee

tcgecaccaa

cggeggecact

gagcattcag

tccgaagece

getecgecta

tcaaggttge

agtccegtet

cccagttect

ccgtcaacgyg

gCtggggCtt

tcaaccctca

gcaccgatat

gcgaagtete

gtcteggata

agactgatge

acgatggcac

ccaatgecac

ctctggaage

gaataacgca

caatcaaaca

tgccacgete

ctgtgactca

cgaggagete

gaactaccaa

dggcggecag

caaccgcaca

caacagcggc

cctetgggge

tacttacgag

cgccacggty

cggtttegac

cgectgeggec

cgtgcccage

cccecgaatgyg
tgactacgcc

cgactgeggt

c¢cgeggegag

cttecgacaag

ctggaacatc

tctecctety

aacccaaatg

tgctaagaag

Val

Trp

Tyr

Tyr

Thr

345

Gly

Pro

Tyr

ei

Ala

Asp

Gly

Asp

330

Thr

Val

Thr

Ser

Ala

Trp

Ala

315

Gly

Thr

Ala

Thr

Gln
395

getettetey

tacgccaact

acactctegt

teggeegget

attctcaaca

gtctggaatyg

ttcgaatggyg

ttgatccacc

cgttacggte

cgtggccagg

tacatcacgg

aagcactttg

gccatcataa

cgttatgcaa

tgtgccaaca

ggatacgtct

agcaaccagt

cagacttacc

atcgagcggt

aagaaccagt

tcgtacgagyg

tccaagaagg

caaggcaact

geeggetate

Ala Cys Val
285

Thr Asp Lys
300

Pro Leu Pro

Leu Met Ala

Thr Thr Thr

350

Gln Lys Trp
365

Cys Val Ser
380

Cys Leu

cecgeectgte
actctgetca
tccecgacty
atgtagagcg
cgcaaaactce
aggctcetgea
cgacctegtt
agattgccga
tcgacgtceta
agacgcccgg
gcatccaggg
ccggatacga
ctcagcagga
agtcacgcag
gettettect
cgteccgatty
cgtcagecege
cgtggcacct
ccgtcacceey
accgcteget
ctgctgttga
tgcgcagcat
actatggcce

acgtcaactt

Ser Thr

Tyr Ser

Trp Asp

320

Gly Leu
335

Ser Thr

Gly Gln

Gly Thr

ggctctectyg
gggccagect
cgaacatgge
agcccaggec
gggecccegge

cggettggac

ccccatgece
catcatcteg
tgcgccaaac
cgaagacgcc
tggcgtcgac
cctegagaac
cctetecgaa
cttgatgtge
gcagacgcett
cgatgeegte
cgccagetca
caacgagtcc
tctgtacgee
cggttggaag
gggcatcgte
tgctctgate
tgccccatac

tgaactcgge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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acagagatcg ccggcaacag caccactgge tttgccaagg ccattgcetge cgccaagaag 1500
tcggatgeca tcatctacct cggtggaatt gacaacacca ttgaacagga gggcgctgac 1560
cgcacggaca ttgcttggcc cggtaatcag ctggatctca tcaagcagcet cagcgaggtce 1620
ggcaaaccece ttgtcegtcect gcaaatgggce ggtggtcagg tagactcatc ctcgctcaag 1680
agcaacaaga aggtcaactc cctecgtetgg ggcggatatce ccggccagte gggaggcgtt 1740
gccectetteg acattcectcecte tggcaagegt gectcectgceg gecgactggt caccactceag 1800
tacccggetg agtatgttca ccaattccce cagaatgaca tgaacctceg acccgatgga 1860
aagtcaaacc ctggacagac ttacatctgg tacaccggca aacccgtcta cgagtttggce 1920
agtggtctct tctacaccac cttcaaggag actctcgceca gceccaccccaa gagcectcaag 1980
ttcaacacct catcgatcct ctetgctect caccccggat acacttacag cgagcagatt 2040
ccegtetteca cecttegagge caacatcaag aactcgggca agacggagtce cccatatacg 2100
gccatgctgt ttgttcgcac aagcaacgct ggcccagcec cgtacccgaa caagtggcetce 2160
gtcggatteg accgacttge cgacatcaag cctggtcact cttccaagcet cagcatcccce 2220
atccctgtca gtgctctege cegtgttgat tctcacggaa accggattgt ataccccggce 2280
aagtatgagc tagccttgaa caccgacgag tctgtgaage ttgagtttga gttggtggga 2340
gaagaggtaa cgattgagaa ctggccgttg gaggagcaac agatcaagga tgctacacct 2400
gacgcataag ggttttaatg atgttgttat gacaaacggg tagagtagtt aatgatggaa 2460
taggaagagg ccatagtttt ctgtttgcaa accatttttg ccattgcgaa aaaaaaaaaa 2520
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaa 2564

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 132
H: 780
PRT

ISM: Trichoderma rees

<400> SEQUENCE: 132

Met Val Asn
1

Thr Ala Leu

Gly Gln Pro
35

Phe Pro Asp
50

Ser Ser Ala

Thr Leu Glu

Pro Arg Leu

Gly Leu Asp

115

Ala Thr Ser
130

Thr Leu Ile
145

Phe Ser Asn

Asn Ala Ala Leu Leu

5

Ala Gln Asn Asn Gln

20

Asp Leu Tyr Pro Glu

40

Cys Glu His Gly Pro

55

Gly Tyr Val Glu Arg

70

Glu Leu Ile Leu Asn

85

Gly Leu Pro Asn Tyr

100

Arg Ala Asn Phe Ala

120

Phe Pro Met Pro Ile

135

His Gln Ile Ala Asp
150

Ser Gly Arg Tyr Gly

165

ei

Ala

Thr

25

Thr

Leu

Ala

Thr

Gln

105

Thr

Leu

Ile

Leu

Ala

Tyr

Leu

Lys

Gln

Gln

90

Val

Lys

Thr

Ile

Asp
170

Leu

Ala

Ala

Asn

Ala

75

Asn

Trp

Gly

Thr

Ser

155

Val

Ser Ala Leu
Asn Tyr Ser
30

Thr Leu Thr
45

Asn Leu Val
60

Leu Ile Ser

Ser Gly Pro

Asn Glu Ala
110

Gly Gln Phe
125

Ala Ala Leu
140

Thr Gln Ala

Tyr Ala Pro

Leu Pro
15

Ala Gln

Leu Ser

Cys Asp

Leu Phe
80

Gly Val
95

Leu His

Glu Trp

Asn Arg

Arg Ala

160

Asn Val
175
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Asn

Glu

Gly

225

Arg

Tyr

Leu

Ser

Trp

305

Pro

Arg

Asn

Ser

Lys

385

Asp

Leu

Ala

Tyr

Lys

465

Asn

Asp

Gly

Ile

Gly
545

Asn

Leu

Gly

Asp

Ile

210

Lys

Leu

Thr

Met

Phe

290

Gly

His

Ala

Glu

Val

370

Lys

Ala

Lys

Leu

Tyr

450

Ala

Ser

Ala

Ala

Lys

530

Gly

Ser

Phe

Phe

Ala

195

Gln

His

Gly

Pro

Cys

275

Phe

Tyr

Asp

Gly

Ser

355

Thr

Asn

Trp

Asn

Ile

435

Gly

Gly

Thr

Ile

Asp

515

Gln

Gly

Leu

Asp

Arg

180

Phe

Gly

Phe

Phe

Gln

260

Ala

Leu

Val

Tyr

Thr

340

Phe

Arg

Gln

Asn

Asp

420

Gly

Pro

Tyr

Thr

Ile

500

Arg

Leu

Gln

Val

Ile
580

Ser

Phe

Gly

Ala

Asp

245

Phe

Tyr

Gln

Ser

Ala

325

Asp

Val

Leu

Tyr

Ile

405

Gly

Pro

Ala

His

Gly

485

Tyr

Thr

Ser

Val

Trp
565

Leu

Pro

Leu

Val

Gly

230

Ala

Leu

Asn

Thr

Ser

310

Ser

Ile

Ala

Tyr

Arg

390

Ser

Thr

Trp

Pro

Val

470

Phe

Leu

Asp

Glu

Asp
550

Gly

Ser

Leu

Ser

Asp

215

Tyr

Ile

Ala

Ser

Leu

295

Asp

Asn

Asp

Gly

Ala

375

Ser

Tyr

Leu

Ala

Tyr

455

Asn

Ala

Gly

Ile

Val
535
Ser

Gly

Gly

Trp

Ser

200

Pro

Asp

Ile

Ala

Val

280

Leu

Cys

Gln

Cys

Glu

360

Asn

Leu

Glu

Pro

Asn

440

Leu

Phe

Lys

Gly

Ala

520

Gly

Ser

Tyr

Lys

Gly

185

Ala

Glu

Leu

Thr

Ala

265

Asn

Arg

Asp

Ser

Gly

345

Val

Leu

Gly

Ala

Leu

425

Ala

Ile

Glu

Ala

Ile

505

Trp

Lys

Ser

Pro

Arg
585

Arg

Tyr

His

Glu

Gln

250

Arg

Gly

Glu

Ala

Ser

330

Gln

Ser

Val

Trp

Ala

410

Ser

Thr

Ser

Leu

Ile

490

Asp

Pro

Pro

Leu

Gly

570

Ala

Gly

Thr

Leu

Asn

235

Gln

Tyr

Val

Ser

Val

315

Ala

Thr

Arg

Arg

Lys

395

Val

Lys

Thr

Pro

Gly

475

Ala

Asn

Gly

Leu

Lys
555

Gln

Pro

Gln

Tyr

Lys

220

Trp

Asp

Ala

Pro

Trp

300

Tyr

Ala

Tyr

Gly

Leu

380

Asp

Glu

Lys

Gln

Leu

460

Thr

Ala

Thr

Asn

Val
540
Ser

Ser

Ala

Glu

Glu

205

Val

Asn

Leu

Lys

Ser

285

Gly

Asn

Ala

Pro

Glu

365

Gly

Val

Gly

Val

Met

445

Glu

Glu

Ala

Ile

Gln

525

Val

Asn

Gly

Gly

Thr

190

Tyr

Ala

Asn

Ser

Ser

270

Cys

Phe

Val

Ser

Trp

350

Ile

Tyr

Val

Ile

Arg

430

Gln

Ala

Ile

Lys

Glu

510

Leu

Leu

Lys

Gly

Arg
590

Pro

Ile

Ala

Gln

Glu

255

Arg

Ala

Pro

Phe

Ser

335

His

Glu

Phe

Lys

Val

415

Ser

Gly

Ala

Ala

Lys

495

Gln

Asp

Gln

Lys

Val
575

Leu

Gly

Thr

Thr

Ser

240

Tyr

Ser

Asn

Glu

Asn

320

Leu

Leu

Arg

Asp

Thr

400

Leu

Ile

Asn

Lys

Gly

480

Ser

Glu

Leu

Met

Val
560

Ala

Val
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Thr Thr Gln
595

Met Asn Leu
610

Trp Tyr Thr
625

Thr Thr Phe

Asn Thr Ser

Glu Gln Ile

675

Lys Thr Glu
690

Ala Gly Pro
705

Leu Ala Asp
Pro Val Ser
Tyr Pro Gly

755
Leu Glu Phe

770

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Aspergillus

Tyr Pro Ala Glu Tyr

600

Arg Pro Asp Gly Lys

615

Gly Lys Pro Val Tyr
630

Lys Glu Thr Leu Ala

645

Ser Ile Leu Ser Ala

660

Pro Val Phe Thr Phe

680

Ser Pro Tyr Thr Ala

695

Ala Pro Tyr Pro Asn
710

Ile Lys Pro Gly His

725

Ala Leu Ala Arg Val

740

Lys Tyr Glu Leu Ala

760

Glu Leu Val Gly Glu

D NO 133
H: 2376
DNA

<400> SEQUENCE: 133

atggcggttg

caggcgaata

tcggtegeta

ctegtttgeg

accttegagyg

ctcecteegt

aacgagggag

ttgaaccgaa

aataacgttg

gctatgtggg

tatgcgtacyg

gtggccactyg

ttgggcaacyg

cttgttgeag

ggggtgccca

ttegtegagy

cacgagtttyg

attgattgeg

ccaaatctat

caagctatgt

cgattgacct

acacgtecgge

agctggtgaa

accaagtatg

agtacagctg

ccctgatcaa

ggcggtatgg

gaagaggtca

agtatatcac

ccaaacacta

atatgaacat

ccagagacge

getgegcaaa

atggttatgt

cggccaacat

gcactactta

775

tgctgeegty
tgattacaat
gtcetttece
tcggeegeat
caacacaggc
gagcgaggcet
ggccaccteyg
ccagatcgeg
getggacgty
agagaccccc

tggcatccag

tgcgggctac

tacacagcag

caaagtgcac

ctegttette

atccagecgac

cacgggggcc

tcaatactat

Val

Ser

Glu

Ser

Pro

665

Glu

Met

Lys

Ser

Asp

745

Leu

Glu

His

Asn

Phe

His

650

His

Ala

Leu

Trp

Ser

730

Ser

Asn

Val

fumigatus

Gln

Pro

Gly

635

Pro

Pro

Asn

Phe

Leu

715

Lys

His

Thr

Thr

ctggtagcac

gtggaggcga

gactgcgaga

gaccgagcetyg

aacactagcc

ctccatggac

ttcecccatge

accatcatcg

tacgccccga

ggagaagacg

ggtggtgttg

gatcttgaga

gaactttccyg

agtgtcatgt

ctccagacce

tgcgactegyg

getgcagact

ttcggcgaag

Phe Pro Gln
605

Gly Gln Thr
620

Ser Gly Leu

Lys Ser Leu

Gly Tyr Thr

670

Ile Lys Asn
685

Val Arg Thr
700

Val Gly Phe

Leu Ser Ile

Gly Asn Arg

750

Asp Glu Ser
765

Ile
780

tgttgectygy
atccggatct
atggaccget
ctgecectggt
ctggtgttee
ttgaccgege
ctatcctgac
caactcaagg
atataaatgc
cttactgect
atccggaaca
actgggacgg
aatactacac
gctectacaa
tccteegtga
cgtacaatgt
ctatceggge

cctttgacga

Asn Asp

Tyr Ile

Phe Tyr
640

Lys Phe
655

Tyr Ser

Ser Gly

Ser Asn

Asp Arg

720

Pro Ile
735

Ile Val

Val Lys

tgcgettget
caccccteag
cagcaagact
ttcecatgtte
aagacttggt
caacttcaca
aatgtcggec
acgagettte
attcagatcg
ggcateggeg
cctcaagtty
tcactccegt
cccteagtte
cgcggtaaat
cacattcgge
ctggaaccceyg
ggggacggac

gcaagaggte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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acccgtgcag aaatcgaaag aggtgtgatce cgectgtaca gcaacttggt gegtcteggce 1140
tatttcgatg gcaatggaag cgtgtatcgg gacctgacgt ggaatgatgt cgtgaccacg 1200
gatgcctgga atatctcata cgaagccgcet gtagaaggca ttgtcctact gaagaacgat 1260
ggaaccttge ctectcegeccaa gteggtecge agtgttgcat tgattgggece ctggatgaat 1320
gtgacgactc agcttcaggg caactacttt ggaccggcgce cttatctgat tagtccgttg 1380
aatgccttcece agaattctga cttcgacgtg aactacgcett tcggcacgaa catttcatcce 1440
cactccacag atgggttttc cgaggcgttg tctgctgcga agaaatccga cgtcatcata 1500
ttecgegggeyg ggattgacaa cactttggaa gcagaagcca tggatcgcat gaatatcaca 1560
tggcceggca atcagctaca gctcatcgac cagttgagcec aactcggcaa accgctgatce 1620
gtcectceccaga tgggcggcgg ccaagtcgac tcectectcege tcaagtccaa caagaatgtce 1680
aactccctga tectggggtgg ataccccgga caatccggeg ggcaggctcet cctagacatce 1740
atcaccggca agcgegecce cgccggecga ctegtggtea cgcagtaccee ggcecgaatac 1800
gcaacccagt tcccegecac cgacatgage ctgceggecte acggcaataa tceccggecag 1860
acctacatgt ggtacaccgg caccccegte tacgagtttg geccacgggcet cttctacacg 1920
acctteccacg ccteectece tggcaccgge aaggacaaga cctecttcaa catccaagac 1980
ctecctcacge agcecgcatcece gggcttegca aacgtcgage aaatgceccttt gcetcaactte 2040
accgtgacga tcaccaatac cggcaaggtc gcttccgact acactgctat getcttegeg 2100
aacaccaccg cgggacctge tccatacceg aacaagtgge tegteggett cgaccggetg 2160
gegagectygyg aaccgcacag gtcgcagact atgaccatce cegtgactat cgacagegtg 2220
gctegtacgg atgaggccgg caatcgggtt ctctacccgg gaaagtacga gttggcectg 2280
aacaatgagc ggtcggttgt ccttcagttt gtgctgacag gccgagaggce tgtgatttte 2340
aagtggcctg tagagcagca gcagatttcg tctgeg 2376

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 134
H: 792
PRT

ISM: Aspergillus

<400> SEQUENCE: 134

Met Ala Val
1

Gly Ala Leu

Ala Asn Pro
35

Phe Pro Asp
50

Thr Ser Ala
65

Thr Phe Glu

Pro Arg Leu

Gly Leu Asp
115

Thr Ser Phe
130

Ala Lys Ser Ile Ala

5

Ala Gln Ala Asn Thr

20

Asp Leu Thr Pro Gln

40

Cys Glu Asn Gly Pro

55

Arg Pro His Asp Arg

70

Glu Leu Val Asn Asn

85

Gly Leu Pro Pro Tyr

100

Arg Ala Asn Phe Thr

120

Pro Met Pro Ile Leu

135

Ala

Ser

25

Ser

Leu

Ala

Thr

Gln

105

Asn

Thr

fumigatus

Val

10

Tyr

Val

Ser

Ala

Gly
90
Val

Glu

Met

Leu

Val

Ala

Lys

Ala

75

Asn

Trp

Gly

Ser

Val Ala Leu

Asp Tyr Asn
30

Thr Ile Asp

Thr Leu Val
60

Leu Val Ser

Thr Ser Pro

Ser Glu Ala

110

Glu Tyr Ser
125

Ala Leu Asn
140

Leu Pro
15

Val Glu

Leu Ser

Cys Asp

Met Phe
80

Gly Val
95
Leu His

Trp Ala

Arg Thr
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Leu

145

Asn

Ala

Asp

Ile

Lys

225

Leu

Thr

Met

Phe

Gly

305

Ala

Glu

Asn

385

Asp

Leu

Ala

Tyr

Asn

465

Asp

Ala

Ile

Gly
545

Ile

Asn

Phe

Ala

Gln

210

His

Gly

Pro

Cys

Phe

290

Tyr

Glu

Gly

Ala

Ile

370

Gly

Ala

Lys

Leu

Phe

450

Ser

Ser

Val

Met

Asp

530

Gly

Asn

Val

Arg

Tyr

195

Gly

Tyr

Asn

Gln

Ser

275

Leu

Val

Phe

Thr

Phe

355

Arg

Ser

Trp

Asn

Ile

435

Gly

Asp

Thr

Ile

Asp
515

Gln

Gly

Gln

Gly

Ser

180

Cys

Gly

Ala

Asp

Phe

260

Tyr

Gln

Ser

Ala

Asp

340

Asp

Leu

Val

Asn

Asp

420

Gly

Pro

Phe

Asp

Ile
500
Arg

Leu

Gln

Ile

Arg

165

Ala

Leu

Val

Gly

Met

245

Leu

Asn

Thr

Ser

Ala

325

Ile

Glu

Tyr

Tyr

Ile

405

Gly

Pro

Ala

Asp

Gly

485

Phe

Met

Ser

Val

Ala

150

Tyr

Met

Ala

Asp

Tyr

230

Asn

Val

Ala

Leu

Asp

310

Asn

Asp

Gln

Ser

Arg

390

Ser

Thr

Trp

Pro

Val

470

Phe

Ala

Asn

Gln

Asp
550

Thr

Gly

Trp

Ser

Pro

215

Asp

Ile

Ala

Val

Leu

295

Cys

Ile

Cys

Glu

Asn

375

Asp

Tyr

Leu

Met

Tyr

455

Asn

Ser

Gly

Ile

Leu

535

Ser

Ile

Leu

Gly

Ala

200

Glu

Leu

Thr

Ala

Asn

280

Arg

Asp

Thr

Gly

Val

360

Leu

Leu

Glu

Pro

Asn

440

Leu

Tyr

Glu

Gly

Thr
520

Gly

Ser

Ile

Asp

Arg

185

Tyr

His

Glu

Gln

Arg

265

Gly

Asp

Ser

Gly

Thr

345

Thr

Val

Thr

Ala

Leu

425

Val

Ile

Ala

Ala

Ile
505
Trp

Lys

Ser

Ala

Val

170

Gly

Ala

Leu

Asn

Gln

250

Asp

Val

Thr

Ala

Ala

330

Thr

Arg

Arg

Trp

Ala

410

Ala

Thr

Ser

Phe

Leu

490

Asp

Pro

Pro

Leu

Thr

155

Tyr

Gln

Tyr

Lys

Trp

235

Glu

Ala

Pro

Phe

Tyr

315

Ala

Tyr

Ala

Leu

Asn

395

Val

Lys

Thr

Pro

Gly

475

Ser

Asn

Gly

Leu

Lys
555

Gln

Ala

Glu

Glu

Leu

220

Asp

Leu

Lys

Ser

Gly

300

Asn

Ala

Gln

Glu

Gly

380

Asp

Glu

Ser

Gln

Leu

460

Thr

Ala

Thr

Asn

Ile

540

Ser

Gly

Pro

Thr

Tyr

205

Val

Gly

Ser

Val

Cys

285

Phe

Val

Asp

Tyr

Ile

365

Tyr

Val

Gly

Val

Leu

445

Asn

Asn

Ala

Leu

Gln
525

Val

Asn

Arg

Asn

Pro

190

Ile

Ala

His

Glu

His

270

Ala

Val

Trp

Ser

Tyr

350

Glu

Phe

Val

Ile

Arg

430

Gln

Ala

Ile

Lys

Glu

510

Leu

Leu

Lys

Ala

Ile

175

Gly

Thr

Thr

Ser

Tyr

255

Ser

Asn

Glu

Asn

Ile

335

Phe

Arg

Asp

Thr

Val

415

Ser

Gly

Phe

Ser

Lys

495

Ala

Gln

Gln

Asn

Phe

160

Asn

Glu

Gly

Ala

Arg

240

Tyr

Val

Ser

Asp

Pro

320

Arg

Gly

Gly

Gly

Thr

400

Leu

Val

Asn

Gln

Ser

480

Ser

Glu

Leu

Met

Val
560
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Asn Ser Leu Ile Trp Gly Gly Tyr Pro
565

Leu Leu Asp Ile Ile Thr Gly Lys Arg
580 585

Val Thr Gln Tyr Pro Ala Glu Tyr Ala
595 600

Met Ser Leu Arg Pro His Gly Asn Asn
610 615

Tyr Thr Gly Thr Pro Val Tyr Glu Phe
625 630

Thr Phe His Ala Ser Leu Pro Gly Thr
645

Asn Ile Gln Asp Leu Leu Thr Gln Pro
660 665

Glu Gln Met Pro Leu Leu Asn Phe Thr
675 680

Lys Val Ala Ser Asp Tyr Thr Ala Met
690 695

Gly Pro Ala Pro Tyr Pro Asn Lys Trp
705 710

Ala Ser Leu Glu Pro His Arg Ser Gln
725

Ile Asp Ser Val Ala Arg Thr Asp Glu
740 745

Pro Gly Lys Tyr Glu Leu Ala Leu Asn
755 760

Gln Phe Val Leu Thr Gly Arg Glu Ala
770 775

Glu Gln Gln Gln Ile Ser Ser Ala
785 790

<210> SEQ ID NO 135

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Tricoderma reeseil

<400> SEQUENCE: 135

gtgaataacyg cagctcttet cg

<210> SEQ ID NO 136

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Tricoderma reeseil
<400> SEQUENCE: 136

ccttaattaa ttatgegtca ggtgt

<210> SEQ ID NO 137

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Tricoderma reeseil

<400> SEQUENCE: 137
cggactgege accatggtga ataacgcage tct
<210> SEQ ID NO 138

<211> LENGTH: 35
<212> TYPE: DNA

Gly

570

Ala

Thr

Pro

Gly

Gly

650

His

Val

Leu

Leu

Thr

730

Ala

Asn

Val

Gln

Pro

Gln

Gly

His

635

Lys

Pro

Thr

Phe

Val

715

Met

Gly

Glu

Ile

Ser

Ala

Phe

Gln

620

Gly

Asp

Gly

Ile

Ala

700

Gly

Thr

Asn

Arg

Phe
780

Gly Gly Gln

Gly

Pro

605

Thr

Leu

Lys

Phe

Thr

685

Asn

Phe

Ile

Arg

Ser

765

Lys

Arg

590

Ala

Tyr

Phe

Thr

Ala

670

Asn

Thr

Asp

Pro

Val

750

Val

Trp

575

Leu

Thr

Met

Tyr

Ser

655

Asn

Thr

Thr

Arg

Val

735

Leu

Val

Pro

Ala

Val

Asp

Trp

Thr

640

Phe

Val

Gly

Ala

Leu

720

Thr

Tyr

Leu

Val

22

25

33
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<213> ORGANISM: Tricoderma reeseil
<400> SEQUENCE: 138

tcgccacgga gcecttattatg cgtcaggtgt agcat 35

<210> SEQ ID NO 139

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Tricoderma reeseil

<400> SEQUENCE: 139

tcttggatce accatggteg gactgettte aatcacce 37

<210> SEQ ID NO 140

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Tricoderma reeseil

<400> SEQUENCE: 140

ttaactcgag tcacagacac tgcgagtaat agtc 34

<210> SEQ ID NO 141

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Tricoderma reeseil

<400> SEQUENCE: 141

cggactgcgce accatggtceg gactgcttte aat 33

<210> SEQ ID NO 142

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Tricoderma reeseil

<400> SEQUENCE: 142

tcgecacgga gcttatcaca gacactgega gtaat 35

<210> SEQ ID NO 143

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 143

actggattta ccatggcggt tgccaaatct attgcet 36

<210> SEQ ID NO 144

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 144

tcacctctag ttaattaatc acgcagacga aatctget 38

<210> SEQ ID NO 145

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa is I, L, M, or V
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
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-continued

<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

LOCATION: (3)..(6)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (8)..(8)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (10)..(10)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (11)..(11)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (13)..(13)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (14)..(14)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (15)..(18)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (19)..(19)
OTHER INFORMATION: Xaa

SEQUENCE: 145

is

is

is

is

is

is

is

is

Xaa Pro Xaa Xaa Xaa Xaa Gly Xaa

1

5

Xaa Xaa Xaa

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ ID NO 146
LENGTH: 20
TYPE: PRT

any naturally

any naturally

I, L, M, or V

any naturally

any naturally

E or Q

any naturally

H, N, or Q

occurring amino acid

occurring amino acid

occurring amino acid

occuring amino acid

occurring amino acid

Tyr Xaa Xaa Arg Xaa Xaa Xaa Xaa

10

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (1)..(1)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (3)..(7)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (9)..(9)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (11)..(11)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (12)..(12)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (14)..(14)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (15)..(15)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (16)..(19)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: MISC_FEATURE

is

is

I, L, M, or V

any naturally

any naturally

I, L, M, or V

any naturally

any naturally

E or Q

any naturally

15

occurring amino acid

occurring amino acid

occurring amino acid

occurring amino acid

occurring amino acid
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<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: Xaa is H, N, or Q

<400> SEQUENCE: 146

Xaa Pro Xaa Xaa Xaa Xaa Xaa Gly Xaa Tyr Xaa Xaa Arg Xaa Xaa Xaa
1 5 10 15

Xaa Xaa Xaa Xaa
20

<210> SEQ ID NO 147

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Xaa at position 1 is F or W
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa at position 2 is T or F
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa at position 4 is A, I or V

<400> SEQUENCE: 147

Xaa Xaa Lys Xaa
1

<210> SEQ ID NO 148

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa is any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(7)

<223> OTHER INFORMATION: Xaa is any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa is Y or W

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa is A, I, L, M, or V

<400> SEQUENCE: 148

His Xaa Gly Pro Xaa Xaa Xaa Xaa Xaa
1 5

<210> SEQ ID NO 149

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: Xaa is any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(8)
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<223> OTHER INFORMATION: Xaa is any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: Xaa is Y or W
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: Xaa is A, I, L, M, or V
<400> SEQUENCE: 149
His Xaa Xaa Gly Pro Xaa Xaa Xaa Xaa Xaa
1 5 10
<210> SEQ ID NO 150
<211> LENGTH: 11
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: Xaa = E or Q
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: Xaa is any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (4)..(5)
<223> OTHER INFORMATION: Xaa is any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (7)..(7)
<223> OTHER INFORMATION: Xaa is any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: Xaa = E, H, Q or N
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: Xaa = F, I, L, or V
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: Xaa is any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: Xaa = I, L, or V

<400> SEQUENCE: 150

Xaa Xaa Tyr Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa
1 5 10

What is claimed is:
1. A method of producing a fermentation product, compris-
ing
(a) pretreating the biomass material to provide a solid
fraction and a liquid fraction, wherein at least 50% of the
total sugar in the liquid fraction is hemicellulosic mate-
rial;
(b) separating the liquid fraction from the solid fraction;
(c) after separation, saccharification of the liquid fraction
with an enzyme composition comprising a cellobiohy-
drolase, an endoglucanase, a beta-glucosidase, a GH61
polypeptide, a xylanase, and a beta-xylosidase;
(d) fermentation of the saccharified biomass material; and
(e) recovering the fermentation product from (e);
wherein sacccharification and fermentation are performed
simultaneously.

55

60

65

2. The method of claim 1, wherein at least 60% of the total
sugar is hemicellulosic material.

3. The method of claim 1, wherein at least 65% of the total
sugar is hemicellulosic material.

4. The method of claim 1, wherein at least 70% of the total
sugar is hemicellulosic material.

5. The method of claim 1, wherein at least 75% of the total
sugar is hemicellulosic material.

6. The method of claim 1, wherein at least 80% of the total
sugar is hemicellulosic material.

7. The method of claim 1, wherein at least 85% of the total
sugar is hemicellulosic material.

8. The method of claim 1, wherein at least 90% of the total
sugar is hemicellulosic material.
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9. The method of claim 1, wherein the total concentration
of the cellobiohydrolase, endoglucanase, beta-glucosidase,
and GH61 polypeptide during saccharification is at least 0.01
mg/m L.

10. The method of claim 1, wherein the total concentration
of the cellobiohydrolase, endoglucanase, beta-glucosidase,
and GH61 polypeptide during saccharification is at least 0.05
mg/m L.

11. The method of claim 3, wherein the total concentration
of the cellobiohydrolase, endoglucanase, beta-glucosidase,
and GH61 polypeptide during saccharification is at least 0.01
mg/m L.

12. The method of claim 3, wherein the total concentration
of the cellobiohydrolase, endoglucanase, beta-glucosidase,
and GH61 polypeptide during saccharification is at least 0.05
mg/m L.

13. The method of claim 1, wherein the total concentration
of'the beta-xylosidase during saccharification is less than 1.7
mg/mL.

14. The method of claim 1, wherein the ratio of the total
concentration of the cellobiohydrolase, endoglucanase, beta-
glucosidase and GH61 polypeptide to the total concentration
of beta-xylosidase during saccharification is from 1:10 to
10:1.

15. The method of claim 1, wherein the ratio of the total
concentration of the cellobiohydrolase, endoglucanase, beta-
glucosidase and GH61 polypeptide to the total concentration
of beta-xylosidase during saccharification is from 1:5to 5:1.

16. The method of claim 1, wherein the ratio of the total
concentration of the cellobiohydrolase, endoglucanase, beta-
glucosidase and GH61 polypeptide to the total concentration
of beta-xylosidase during saccharification is from 1:1 to 2.5:
1.

17. The method of claim 3, wherein the ratio of the total
concentration of the cellobiohydrolase, endoglucanase, beta-
glucosidase and GH61 polypeptide to the total concentration
of beta-xylosidase during saccharification is from 1:10 to
10:1.

10

15

20
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18. The method of claim 3, wherein the ratio of the total
concentration of the cellobiohydrolase, endoglucanase, beta-
glucosidase and GH61 polypeptide to the total concentration
of beta-xylosidase during saccharification is from 1:5to 5:1.

19. The method of claim 3, wherein the ratio of the total
concentration of the cellobiohydrolase, endoglucanase, beta-
glucosidase and GH61 polypeptide to the total concentration
of beta-xylosidase during saccharification is from 1:1 to 2.5:
1.

20. The method of claim 1, wherein the saccharification
further comprises saccharification of the liquid fraction with
one or more enzymes selected from the group consisting of an
acetylmannan esterase, an acetyxylan esterase, an arabinan-
ase, an arabinofuranosidase, a coumaric acid esterase, a feru-
loyl esterase, a galactosidase, a glucuronidase, a glucuronoyl
esterase, a mannanase, and a mannosidase.

21. The method of claim 1, wherein the fermentation prod-
uct is an alcohol, an organic acid, a ketone, or a gas.

22. The method of claim 1, wherein the fermentation prod-
uct is an amino acid.

23. The method of claim 1, wherein the cellobiohydrolase,
endoglucanase, and beta-glucosidase are obtained from 77i-
choderma.

24. The method of claim 1, wherein the cellobiohydrolase,
endoglucanase, and beta-glucosidase are obtained from 77i-
choderma reesei.

25. The method of claim 1, wherein the beta-xylosidase is
a Trichoderma beta-xylosidase or an Aspergillus beta-xylosi-
dase.

26. The method of claim 1, wherein the beta-xylosidase is
a Trichoderma reesei beta-xylosidase or a Aspergillus fumi-
gatus beta-xylosidase.

27. The method of claim 1, wherein the GH61 polypeptide
is a Thermoascus aurantiacus GH61 polypeptide.

28. The method of claim 1, wherein the beta-glucosidase is
an Aspergillus fumigatus beta-glucosidase.

29. The method of claim 1, wherein the xylanase is an
Aspergillus aculeatus xylanase.
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